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[57) ABSTRACT

A lens controller comprises a varifocal lens changed by
a focusing position with respect to a shifting amount of
an image forming position; a focusing drive unit for
driving a focusing lens group constituting a zooming
optical system; a zooming drive unit for driving a zoom-
ing lens group constituting the zooming optical system;
a detector for detecting the position of the focusing lens
group between proximate and infinite positions; a detec-
tor for detecting the position of the zooming lens group
on the optical axis thereof corresponding to the focal
distance of the entire zooming optical system; a focus-
ing correction control device for calculating a correct-
ing amount of the shift of the image forming position
with respect to the focal distance when the zooming
operation is performed to change the focal distance of
the entire zooming optical system by the zooming drive
unit, the focusing correction control device controlling
the focusing drive unit so as to move the focusing lens
group to the focusing position in accordance with the
correcting amount; and a zooming speed control device
for receiving an output of the focusing lens group posi-
tion detector and changing the zooming speed in a pre-
determined relation based on the change in output of
the focusing lens group position detector. The other
constructional devices may be used to automatically
correct the shift of the image forming position.

8 Claims, 27 Drawing Sheets
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LENS CONTROLLER INCLUDES A ZOOMING
OPTICAL SYSTEM AND A ZOOMING SPEED
CONTROL DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a controller for con-
trolling lenses. More particularly, the present invention
relates to a lens controller which has as a photograph-
ing lens a zooming optical system composed of a focus-
ing lens group and a zooming lens group respectively
disposed on the same optical axis and performs focusing
adjustment and operation by driving the focusing lens
group and performs a.zooming operation for changing
the focal distance of the lens group by driving the
zooming lens group.

2. Discussion of the Background _

With respect to a zooming lens, there is no shift of an
image forming position(the so-called focusing move-
ment or shift) even when the zooming operation is per-
formed. Accordingly, it is not necessary to perform the
focusing adjustment in every zooming operation. How-
ever, an open diaphragm F number is small in compari-
son with a single focusing lens. For example, a certain
skill is required to perform the focusing adjustment or
operation by a single-lens reflex type finder. Recently,
the cameras have been automatically focused and
thereby this problem has been solved. Thus, the func-
tion of the zooming lens itself can be fulfilled so that an
operator can concentrate on only the determination of
composition along the intention of taking a photograph,
thereby greatly improving the operability.

In general, the focusmg operation of the zooming lens
is performed by moving a focusing lens group disposed
in a portion of a zooming optical system. In the case of
the zooming lens, the moving amount of the focusing
lens group is approximately the same with respect to the
same distance between the lens and a photographed
object in the entire zooming region, which is called an
equivalent amount movement in the following descrip-
tion. Accordingly, a scale for indicating the distance of
the photographed object is additionally disposed in a
moving member(distance ring) of the focusing lens
group. Further, an index is additionally disposed in a
fixed ring adjacent to this scale. By such a simple con-
struction, the distance between the lens and the photo-
graphed object can be indicated, and it is not necessary
to change the scale for the distance of the photographed
object in accordance with the zooming operation.

However, in the zooming lenses of an inner focusing
system and a rear focusing system, when an optical
design is performed under the condition of realizing the
above-mentioned equivalent amount movement, the
construction of the lens is complicated and the moving
amount(the drawing-out amount) of the focusing lens
group is excessively large on the wide angle side

thereof. These situations depend on the construction of gp

the lenses of the zooming optical system.

Further, by such a construction, the outer diameter of
the lens becomes large and therefore the lens and the
body tube become heavy.

The operability of the zooming lens is improved by
combining this lens with the auto focusing function.
However, the condition of the above equivalent amount
movement provided for the zooming lens is required so
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that it is still difficult to make the lens controller com-
pact and reduce the cost of the lens controiler.

The same applicant as this applicant has therefore
proposed a varifocal lens controller for solving the
above-mentioned problems as Japanese application No.
62-013345. |

In this prior application, a zooming optical system is
composed of a zooming lens group and a focusing lens
group arranged on the same optical axis. The focusing
lens group of the zooming optical system is set in a
focusing position from a prommate position to an infi-
nite position on the optical axis corresponding to the
distance of a photographed object from the proximate
position to the infinite position. Thereafter, the focal
distance of the entire zooming optical system is changed

by the zooming lens group from an arbitrary first focal
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distance to a second focal distance between the shortest
and longest focal distances, thereby shifting the image
forming position with respect to the same photographed
object. Such a varifocal lens controller comprises focal
distance detecting means for detecting the above focal
distance of the entire zooming optical system; focusing
lens group position detecting means for detecting the
position of the focusing lens group on the above optical
axis; maximum drawing-out amount calculating means
for receiving an output of the focal distance detecting
means and calculating the drawing-out amount of the
focusing lens group from the infinite position to the
proximate position with respect to the above focal dis-
tance; and proportional constant calculating means for
receiving outputs of the maximum drawing-out amount
calculating means and the focusing lens group position
detecting means and calculating a ratio of these outputs.
The varifocal lens controller further comprises focusing
correction calculating means for receiving outputs of
the proportional constant calculating means, the maxi-
mum drawing-out amount calculating means and the
focusing lens group position detecting means and calcu-
lating, as a correction value, a shifting amount of the

40 image forming position from the said focal position
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caused by the change in focal distance of the entire
zooming optical system; focusing drive means for driv-
ing the above focusing lens group; moving amount
monitoring means for generating a signal corresponding
to the moving amount of the focal lens group; and fo-
cusing control means for receiving outputs of the mov-
ing amount monitoring means and the focusing correc-
tion calculating means and controlling the focusing lens
group to move this lens group to the above focal pos:-
tion. The varifocal lens controller further compnses
zooming drive means for driving the above zooming
lens group; and zooming control means for receiving a
start signal from starting means separately disposed and
controlling the above zooming drive means. The varifo-
cal lens controller is thus constructed to automatically
correct the shift of the image forming position caused.
by the change in focal distance of the entire zooming
optical system. |

On the other hand, many cameras have recently been
electronized and automatically driven. In such cameras,
various kinds of operations are automatically performed
by the so-called one touch operation (or single opera-
tion). In such a situation, the camera body tends to be
made compact and the number of operating switches is
necessarily increased as the number of functions of
cameras is variously increased. It is natural and rational
that the Operablhty of the operatmg switches is consid-
ered with the size of the man’s fingers as a reference.
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Namely, in the case of a push-buttom switch for exam-
ple, it becomes easy for an operator to push the switch
as the area for an operating face pushed by an operator’s
finger is increased. However, as mentioned above, the
surface of the camera body has a limited area. To solve
this problem, a technique for corresponding one operat-
ing switch to a plurality of operations has already been
known.

For example, in a lens controller, an UP/DN switch
for selecting the zooming direction is disposed to
change the focal distance of the zooming lens on the
longer focal distance side(telescopic side) or the shorter
focal distance side(wide side). The lens controller fur-
ther has an F/Z switch for manually selecting the focus-
ing operation and the zooming operation, and an A/M
switch for selecting whether the focusing operation is
performed automatically or manually. The lens control-
ler further has a ZG/MG switch for selecting whether
the zooming lens is set to take a macroscopic photo-
graph or is returned to a zooming region. The focusing
operation is selected by the F/Z switch in the lens con-
troller mentioned above. In such a lens controller, a
switch for indicating the focusing direction is insuffi-
cient. In such a case, as is well known, the lens control-
ler is constructed such that the switching operation of
the above UP/DN switch corresponds to two opera-
tions, and the F/Z switch constructs a switch for indi-
cating the zooming direction when the F/Z switch

selects the zooming operation and constructs a switch

for indicating the focusing direction when the F/Z
switch selects the focusing operation.

In accordance with the invention of the prior applica-
tion constructed above, the lens optical system itself has
a very simple construction and is compact, and light and
cheap. The entire lens controller is similarly compact,
and light and cheap. Further, even when the focal dis-
tance of the entire lens optical system is changed by
moving the zooming lens group from the arbitrary first
focal position to the second focal position, the shift of

the image forming position peculiar to the varifocal lens 40

can be immediately corrected to hold the focusing state.
Accordingly, such a lens controller substantially pro-
vides a lens system equivalent to the zooming lens when

this lens controller is used.

However, in the varifocal lens in accordance with the
invention of the prior application, the condition of the
above equivalent amount movement is removed there-
from. Therefore, when the focal distance is changed
with respect to the photographed object separated by
the same distance, the drawing-out amount of the focus-
ing lens group is changed to perform the focusing oper-
ation. Accordingly, when the zooming lens group is
driven to perform the zooming operation for changing
the focal distance, the shift of the image forming posi-
tion caused by this zooming operation must be cor-
rected by the above focusing operation. The correcting
amount for correcting this shift is changed by the focal
distance as mentioned above, but the rate of this change
is further changed by the distance of the photographed
object. For example, in comparison with the zooming
time required to perform the zooming operation from
the longest focal distance to the shortest focal distance,
this zooming time is short in the case of the distance of
the photographed object providing a small rate of the
above change and is long in the case of the distance of
the photographed object providing a large rate of the
above change. Accordingly, there is a problem that the
zooming time is not uniform by the distance of the
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photographed object with respect to the same changing

amount of the focal distance.
In a certain case, in accordance with the construction

of the varifocal lens, when the focal distance of the
entire zooming optical system is changed from the
shortest focal distance to the longest focal distance, the
focusing position in the infinite position(c position) is
not changed and the focusing position in the proximate
position is changed so as to move away from the infinite
p051t10n In such a case, when the operation of the fo-
cusing lens group is controlled while the zooming lens

group is moved to perform the zooming operation from

the long focal point side to the short focal point side, or
conversely, when the zooming operation is performed
onto the side of the long focal point, the focusing lens
group hits against a positioning member such as a stop-
per, etc., in the infinite position and the proximate posi-
tion. Therefore, the focusing lens group cannot be
moved and controlled, and the load of a drive motor 1s
excessively increased, thereby causing a new problem.

Further, the following problems are caused in the
case in which the operation of the UP/DN switch cor-

responds to the two operations and the F/Z switch

constructs a switch for indicating the zooming direction
when the F/Z switch selects the zooming operation,
and constructs a switch for indicating the focusing di-
rection when the F/Z switch selects the focusing opera-
tion.

In the following description, it is assumed that the
composition(angle of view) has been completely deter-
mined and the F/Z switch is switched onto the side of
the focusing operation. Further, it is assumed that the
F/Z switch has been switched in error onto the side of
the zooming operation while the UP/DN switch 1s
operated to perform the focusing operation In accor-
dance with the above-mentioned composition. In such a
case, the UP/DN switch fulfills an original function of
a switch for indicating the zooming direction so that the
zooming operation is started and thereby the composi-
tion already determined is changed.

In a normal macro mode for fixing the focal distance
of the zooming lens to a predetermined focal distance or
magnification within a macro region by the ZG/MG
switch, this magnification should not be changed after
this fixing operation so that the zooming operation 1s
inhibited and only the focusing operation is allowed 1n
accordance with the general construction of the lens
controller. However, in such a construction, when the
F/Z switch is set onto the side of the zooming opera-
tion, the focusing operation by the UP/DN switch can-
not be performed and the zooming operation also can-
not be performed since the zooming operation is inhib-
ited as mentioned above. Therefore, a beginner, who
does not use such a camera so often, gets confused in
such a situation. Further, it takes time to perform a
suitable operation in such a situation even in the case of
an operator who often uses the camera. Therefore, an
important shutter chance of the camera is lost in a cer-

tain case.

When the A/Z switch is set onto the auto focusing
side, the manually focusing operation is naturally inhib-
ited and only the zooming operation is allowed in ac-
cordance with the general construction of the lens con-
troller. However, in such a construction, when the F/Z
switch is set onto the side of the manually focusing
operation, the zooming operation cannot be naturally
performed by the UP/DN switch and the manually
focusing operation also cannot be performed since the
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manually focusing operation is inhibited as mentioned
above. Therefore, the operator or user of the camera
gets confused and a suitable operation is delayed in such
a situation.

SUMMARY OF THE INVENTION

It 1s therefore a first object of the present invention to
provide a lens controller using a varifocal lens as a
compact and simple optical system cheaply manufac-
tured and automatically correcting the shift of an image
forming position peculiar to the varifocal lens when the
focal distance of the entire zooming optical system is
changed from an arbitrary first focal distance to a sec-
ond focal distance between the shortest focal distance to

10

the longest focal distance after the focusing operation of 15

the focusing lens group is once performed.

A second object of the present invention is to provide
a lens controller having an excelilent operability such
that the shift of the image forming position is accurately
corrected and the zooming operation can be performed
at a uniform operating speed irrespective of the distance
of a photographed object.

A third object of the present invention is to provide a
lens controller for preventing the generation of an ex-
cessive load of a focusing drive means in the infinite
position and the proximate position, the excessive load
tending to be caused when the automatic correcting
operation of the shift of the image forming position 1is
performed.

A fourth object of the present invention is to provide
a lens controller for preventing the drive control of the
focusing drive means from being disabled and perform-
ing the zooming drive operation reliably and rapidly.

A fifth object of the present invention is to provide a
lens controller having a simplified construction and
improving the operability of a start inputting means for
starting the focusing or zooming operation and prevent-
ing the malfunction caused by operating the operation
selecting means in error.

The first and second objects of the present invention
can be achieved by a lens controller comprising a vari-
focal lens changed by a focusing position with respect
to a shifting amount of an image forming position; fo-
cusing drive means for driving a focusing lens group
constituting a zooming optical system; zooming drive
means for driving a zooming lens group constituting the
zooming optical system; means for detecting the posi-
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tion of the focusing lens group between proximate and

infinite positions; means for detecting the position of the
zooming lens group on the optical axis thereof corre-
sponding to the focal distance of the entire zooming
optical system; focusing correction control means for
calculating a correcting amount of the shift of the image
forming position with respect to the focal distance
when the zooming operation is performed to change the

focal distance of the entire zooming optical system by

the zooming drive means, the focusing correction con-
trol means controlling the focusing drive means so as to
move the focusing lens group to the focusing position in
accordance with the correcting amount; zooming speed
control means for receiving an output of the focusing
lens group position detecting means and changing the
zooming speed in a predetermined relation based on the
change in output of the focusing lens group position
detecting means; and means for controlling the zooming
speed to be approximately constant within a zooming
region even when the focusing position is located
within any focusing region, and automatically correct-
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ing the shift of the image forming position caused by the
change in focal distance of the entire zooming optical
system.

In the lens controller of the present invention con-
structed above, the varifocal lens is changed by the
focusing position with respect to the shifting amount of
the image forming position. When the zooming opera-
tion of this varifocal lens is performed by the zooming
drive means, the focusing correction control means
calculates the correcting amount for correcting the shift
of the image forming position with respect to the focal
distance. Then, the focusing correction control means
controls the operation of the focusing drive means so as
to move the focusing lens group to the focusing position
in accordance with the correcting amount.

The zooming speed control means receives an output
corresponding to the position of the focusing lens group
from the focusing lens group position detecting means,

and 1s operated to change the zooming speed in a prede-

termined relation based on the change in this output.
As a result, the zooming operation within the zoom-
ing region is controlled to be approximately constant
even when the focusing position is located in any focus-
ing region. Thus, the shift of the image forming position
caused by the change in focal distance of the entire
zooming optical system 1s automatically corrected.
The first and second objects of the present invention
can be also achieved by a lens controller comprising a
varifocal lens changed by a focusing position with re-
spect to a shifting amount of an image forming position;
focusing drive means for driving a focusing lens group
constituting a zooming optical system; zooming drive
means for driving a zooming lens group constituting the
zooming optical system; means for detecting the posi-
tion of the focusing lens group between proximate and
infinite positions; means for detecting the position of the
zooming lens group on the optical axis thereof corre-
sponding to the focal distance of the entire zooming
optical system; focusing correction control means for
calculating a correcting amount of the shift of the image
forming position with respect to the focal distance

‘when the zooming operation is performed to change the

focal distance of the entire zooming optical system by
the zooming drive means, the focusing correction con-
tro! means controlling the focusing drive means so as to
move the focusing lens group to the focusing position in
accordance with the correcting amount when the cor-
recting amount exceeds a reference amount; reference
amount control means for receiving an output of the
focusing lens group position detecting means and
changing the reference amount in a predetermined rela-
tion based on the change 1in output of the focusing lens
group position detecting means; and means for limiting
the number of executions of the focus correcting opera-
tion for moving the focusing lens group to the focusing
position in accordance with the correcting amount, the
limiting means controlling the zooming speed to be
approximately constant within a zooming region irre-
spective of the focusing position before the zooming
operation is performed, and automatically correcting
the shift of the image forming position caused by the
change in focal distance of the entire zooming optical
system.

In the case in which the correcting amount for cor-
recting the shift of the image forming position with
respect to the focal distance exceeds the predetermined
amount when the zooming operation for changing the
focal distance of the entire zooming optical system is
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performed by the zooming drive means, the focusing
correction control means controls the operation of the
focusing drive means to move the focusing lens group
to the above focusing position in accordance with this
correcting amount. Further, the reference amount con-
trol means receives an output from the focusing lens
group position detecting means and changes the above
reference amount such that the reference amount on the
proximate side is greater than that on the infinite side for
example on the basis of a predetermined relation pro-
vided by the change in this output. Accordingly, the
number of executions of the focusing correction is lim-
ited 1n accordance with the above correcting amount.

10

Thus, the zooming speed in the zooming region is ap-

proximately controlled constantly irrespective of the
~ focal position before the zooming operation. The shift
- of the image forming position caused by the change in
focal distance of the entire zooming optical system is
thus automatically corrected.

The first and second objects of the present invention
can be also achieved by a lens controller comprising a
varifocal lens changed by a focusing position with re-
spect to a shifting amount of an image forming position;
focusing drive means for driving a focusing lens group
constituting a zooming optical system; zooming drive
means for driving a zooming lens group constituting the
zooming optical system; means for detecting the posi-
tion of the focusing lens group between proximate and
infinite positions; means for detecting the position of the
- zooming lens group on the optical axis thereof corre-
sponding to the focal distance of the entire zooming
optical system; focusing correction control means for
calculating a correcting amount of the shift of the image
forming position with respect to the focal distance
when the zooming operation is performed to change the
focal distance of the entire zooming optical system by
the zooming drive means, the focusing correction con-
trol means controlling the focusing drive means so as to
move the focusing lens group to the focusing position in
accordance with the correcting amount; remaining op-
eration recognizing means for recognizing or measuring
an amount of the remaining operation continued for a
short time after commands for stopping the operation of
the zooming drive means are given thereto; influence
judging means for receiving an output of the remaining
operation recognizing means and judging whether or
not the amount of the remaining operation gives an
influence to the next preset operation; and second con-
trol means for performing the control operation to exe-
cute the preset operation without waiting for the re-
maining time corresponding to the amount of the re-
maining operation when the influence judging means
judges that the amount of the remaining operation does
not give any influence to the next preset operation, the
second control means automatically correcting the shift
of the image forming position caused by the change in
focal distance of the zooming optical system:.

In this lens controller, the remaining operation recog-
nizing means recognizes or measures the amount of the
remaining operation continued for a short time after the
commands for stopping the operation of the zooming
drive means. The influence judging means receives an
output of this remaining operation recognizing means
and judges whether or not the amount of the above
remaining operation gives an influence to the next pre-
set operation. When the judging result is that the
amount of the remaining operation does not give any
influence to the next preset operation, the preset opera-
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8
tion is performed without waiting for the remaining
time corresponding to the remaining operation. |

The third and fourth objects of the present invention
can be achieved by a lens controller comprising a vari-
focal lens constructed such that its focusing position is
invariant in an infinite position and 1s changed in a prox-
imate position so as to move away from the infinite
position when the focal distance of an entire zooming
optical system is changed from a shortest focal distance
to a longest focal distance; focusing drive means for
driving a focusing lens group constituting the zooming
optical system; zooming drive means for driving a
zooming lens group constituting the zooming optical
system; means for detecting the position of the focusing
lens group on the optical axis thereof; means for detect-
ing the position of the zooming lens group on the opti-
cal axis corresponding to the focal distance thereof;
focusing correction caiculating means for respectively
outputs of the zooming lens group position detecting
means and the focusing lens group position detecting
means after the zooming lens group is driven by the
zooming drive means, the focusing correction calculat-
ing means calculating a correcting amount with respect
to a shift of an image forming position; focusing correc-
tion control means for receiving the correcting amount
and controlling the focusing drive means so as to move
the focusing lens group to the focusing position with
respect to the focal distance; focusing drive inhibiting
means for inhibiting driving of the focusing lens group
in the directions of the infinite and proximate positions
respectively when the focusing lens group is located in
an inhibiting region on the infinite side formed within a

predetermined distance from the infinite position to the

proximate position, and when the focusing lens group is
located in an inhibiting region on the proximate side
formed within a predetermined distance from the proxi-
mate position to the infinite position in the case in which
the focal distance of the entire zooming optical system
1s changed; and means for automatically correcting the
shift of the image forming position caused by the
change in focal distance of the entire zooming optical
system when the focusing lens group is not located in
the inhibiting regions on the proximate and infinite sides
and when the focus driving direction is opposite to the
inhibited direction in the inhibiting regions.

In the above lens controller in the second embodi-
ment of the present invention, inhibiting regions are
disposed on the infinite and proximate sides. When the
focusing lens group is located in the respective inhibit-
ing regions, the focusing drive inhibiting means respec-
tively inhibits the drives towards the infinite and proxi-
mate positions of the focusing lens group. Accordingly,
when a mechanical stopper is disposed in the infinite
and proximate positions, it is possible to prevent the
focusing lens group from hitting against this stopper. In
other words, it is possible to avoid the useless opera-
tions so that the lens drive can be rapidly performed and
the drive force can be saved and the operability im-
proved.

When the zooming lens group is driven by the zoom-
ing drive means until a predetermined focal distance
and the operation of the zooming lens group is then
stopped, the focusing correction control means executes
the focusing correction by controlling the focusing
drive means irrespective of the position of the focusing

- lens group in the inhibiting regions on the infinite and

proximate sides. Thus, the defocusing state of the lens
group can be prevented.
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The third and fourth objects of the present invention
can be also achieved by a lens controller comprising a
varifocal lens constructed such that its focusing position
is invariant in an infinite position and is changed in a
proximate position so as to move away from the infinite
position when the focal distance of an entire zooming
optical system is changed from the shortest focal dis-
tance to the longest focal distance; focusing drive means
for driving a focusing lens group constituting the zoom-
ing optical system; zooming drive means for driving a
zooming lens group constituting the zooming optical
system; means for detecting the position of the focusing
lens group on the optical axis thereof; means for detect-
ing the position of the zooming lens group on the opti-
cal axis corresponding to the focal distance thereof;
focusing correction calculating means for respective
outputs of the zooming lens group position detecting

means and the focusing lens group position detecting

means after the zooming lens group is driven by the
zooming drive means, the focusing correction calculat-
ing means calculating a correcting amount with respect
to a shift of an image forming position and outputting a
preset maximum correcting amount instead of the cor-
recting amount when the correcting amount is greater
than the preset maximum correcting amount; focusing
correction control means for receiving the correcting
amount or the maximum correcting amount and con-

trolling the operation of the focusing drive means to

move the focusing lens group to the focusing position
with respect to the focal distance; and means for auto-
matically correcting the shift of the image forming posi-
tion caused by the change in focal distance of the entire

zooming optical system.

d
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When the correcting amount calculated by the focus- '

ing correction calculating means is greater than the
maximum correcting amount, the focusing correction
calculating means outputs the maximum correcting
amount instead of this correcting amount. Accordingly,
no large malfunction is caused even when the output
information of the zooming lens group position detect-
ing means and/or the focusing lens group position de-
tecting means is not correct.

The fifth object of the present invention can be
achieved by a lens controller in which a zooming opti-
cal system is composed of a focusing lens and a zooming
lens disposed on the same optical axis and constitutes a
photographing lens, and the focusing lens is moved to
perform the focusing operation and the zooming lens 1s
moved to perform the zooming operation for changing
the focal distance thereof, the lens controller compris-
ing start inputting means for outputting an operating
execution signal during an operating period thereof and
operable from the exterior of the lens controller; opera-
tion selecting means for outputting any one of a focus-
ing command signal and a zooming command signal for
respectively commanding the focusing and zooming
operations and operable from the exterior of the lens
controller; operating state detecting means for detect-
ing whether the operation of the start inputting means is
continued or not, and outputting an inhibit signal while
the operation of the start inputting means is continued;
output determining means for invalidating the output
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from the operation selecting means during a period of

the reception of the inhibit signal, and validating this
output in a period except for this signal receiving per-
t10d; execution selecting means for receiving the output
of the operation selecting means through the output
determining means, the execution selecting means out-
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putting a focusing execution signal or a zooming execu-
tion signal respectively corresponding to the focusing
command signal or the zooming command signal during
the period of the reception of the operation executing
signal; focusing drive means for receiving the focusing
execution signal and driving the focusing lens; and
zooming drive means for receiving the zooming execu-
tion signal and driving the zooming lens.

In the lens controller constructed above, while the
start inputting means is operated to start both the focus-

ing and zooming operations, the operating state detect-
ing means, the output determining means and the execu-
tion selecting means invalidate the selecting operation
of the operation selecting means for commanding the
focusing and zooming operations. Accordingly, even
when the operation selecting means i1s operated in error
during the execution of the focusing or zooming opera-
tion and the operating state of the operating selecting
means is changed, the focusing or zooming operation 1s
not influenced by this error in operation and is contin-
ued until the operation of the start inputting means 1is
released, thereby greatly improving the operability.
The fifth object of the present invention can be also
achieved by a lens controller in which a zooming opti-
cal system is composed of a focusing lens and a zooming
lens disposed on the same optical axis and constitutes a
photographing lens, and the focusing lens is moved to
perform the focusing operation and the zooming lens is
moved to perform the zooming operation for changing
the focal distance thereof, the zooming optical system
being set to a normal macro mode for performing the
focusing operation in a macro state for enabling the
macro photographing, or a zooming macro mode for
performing the focusing adjustment by the zooming
operation, the lens controller comprising macro state
detecting means for detecting that the zooming optical
system is in the macro state and outputting a macro state
signal; start inputting means for outputting an operating
execution signal during an operating pertod thereof and
operable from the exterior of the lens controller; opera-
tion selecting means for outputting any one of a focus-
ing command signal and a zooming command signal for
commanding the focusing and zooming operations and
operable from the exterior of the lens controller; output
determining means for invalidating the output from the
operation selecting means during the period of the re-
ception of the macro state signal; execution selecting
means for outputting a focusing execution signal when
the zooming optical system is set to the normal macro
mode corresponding to the period of the reception of
the operating execution signal, and a zooming execution
signal when the zooming optical system is set to the
zooming macro mode; focusing drive means for receiv-
ing the focusing execution signal and driving the focus-
ing lens; and zooming drive means for receiving the
zooming execution signal and driving the zooming lens.
In the lens controller constructed above, when the
zooming optical system is in the macro state for en-
abling a macro photographing, the macro state detect-
ing means, the output determining means and the execu-
tion selecting means start the above focusing operation
at any time by the operation of the start inputting means
irrespective of the content of the operating commands
of the operation selecting means operable from the
exterior of the lens controller and giving commands on
the focusing or zooming operation. Accordingly, a
malfunction caused by an error in operation of the oper-
ation selecting means can be reliably prevented and it is
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possible to rapidly perform operations to be performed
at a suitable time.

The fifth object of the present invention can be also
achieved by a lens controller in which a zooming opti-
cal system is composed of a focusing lens and a zooming
lens disposed on the same optical axis and constitutes a
photographing lens, and the focusing lens 1s moved to
perform the focusing operation and the zooming lens is
moved to perform the zooming operation for changing
the focal distance thereof, the lens controller compris-
ing focusing mode selecting means for selecting an auto
focusing mode for automatically performing the focus-
ing adjustment and a manual focusing mode for manu-
ally performing the focusing adjustment and operable
from the exterior of the lens controller; auto focusing
control means for measuring the distance of a photo-
graphed object and outputting a focusing drive signal
for driving the focusing lens corresponding to the mea-
sured distance of the photographed object; start input-
ting means for outputting an operating execution signal
during an operating period thereof and operable from
the exterior of the lens controller; operation selecting
means for outputting any one of a focusing command
signal and a zooming command signal for respectively
commanding the focusing and zooming operations and
operable from the exterior of the lens controller; output
determining means for invalidating the output from the
operation selecting means during a period in which the
focusing mode selecting means is set to the auto focus-
ing mode; execution selecting means for outputting a
zooming execution signal during the period of the re-
ception of the operating execution signal; focusing drive
means for receiving the focusing execution signal and
dnwng the focusmg lens; and zooming drive means for
recewmg the zooming execution signal and driving the
zooming lens.

In the lens controller constructed above, when the
focusing mode selecting means 1s set to the auto focus-
ing mode, the output determining means and the execu-
tion selecting means start the zooming operation at any
 time by the operation of the start inputting means irre-
spective of the output content of the operation selecting
means. Accordingly, a malfunction caused by an error
in operation of the operation selecting means can be
reliably prevented and it is possible to rapidly perform
operations to be performed at a suitable time.

Further objects and advantages of the present inven-
tion will be apparent from the following description of
the preferred embodiments of the present invention as
illustrated in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 to 11 show a lens controller in accordance
with a first embodiment of the present invention in
which:

FIG. 1(11) is a block diagram showing the entire
construction of the lens controller;

FIG. 2 is a graph showing the operating characteris-
tics of the lens controller of the present invention and
‘showing, every distance of the photographed object,
the relation between the focal distance f of the entire
zooming optical system to be set and the drawing-out
amount Sx of the focusing lens group corresponding to
the distance D of the photographed object;

FIG. 3 is a graph for explaining a calculating princi-
ple of the focusing correction calculating section as a
main section of the present invention by omitting a
portion of the relation of FIG. 2;
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FIG. 4 is a graph showing the control operation of
the zooming speed by an interruption;

FIGS. 5 and 6 are graphs for explaining the operation
of the lens controller in the first embodiment shown in
FIG. 1; and

FIGS. 7 to 11 are flow charts showing the opera-
tional sequences of the lens controller in the first em-
bodiment of the present invention in which FIG. 7
shows the zooming operation in a main routine of the
flow charts, FIGS. 8 and 9 respectively show the zoom-
ing and shifting operations used in this main routine,
FIG. 10 shows the focusing drive operation, and FIG.
11 shows the control operation of the zooming speed by
the interruption; and

FIGS. 12 to 21 show the lens controller in accor-
dance with a second embodiment of the present inven-
tion in which:

FIG. 12(11) is a block diagram showing the entire
construction of the lens controller in the second em-
bodiment of the present invention;

FIGS. 13 and 14 are views for explaining the Opera-
tion of the lens controller on the side of the proximity

position in which FIG. 13 1s a graph for explaining the

operation for reducing the magnification, and FIG. 14 is
a graph for explaining the operation for increasing the
magnification;

FIGS. 15 to 17 are views for explaining the operation
of the lens controller on the side of the infinite position
in which FIG. 15 is a graph for explaining the operation
of the lens controller on the side of the infinite position,
FIG. 16 is a graph for explaining the operation for re-
ducing the magnification, and FIG. 17 is a graph for
explaining the operation for increasing the magnifica-
tion;

FIGS. 18 to 21 are flow charts showing the opera-
tional sequences of the lens controller in the second
embodiment shown in FIG. 12 in which FIGS. 18 and
19 show main routines of the flow charts and FIGS. 20
and 21 show subroutines ‘‘inhibiting judgment” and
“correcting judgment” used in these main routines; and

FIGS. 22 to 25 show the lens controller in a third
embodiment of the present invention in which:

FIG. 22(11) shows a block diagram showing the en-
tire construction of the lens controller in the third em-
bodiment of the present invention; and

FIGS. 23 to 25 are flow charts showing the opera-
tional sequences of the lens controller in the third em-
bodiment shown in FIG. 22 in which FIG. 23 shows a
focusing/zooming operation, FIG. 24 shows a macro
setting operation and FIG. 28§ shows an auto focus set-
ting operation.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The preferred embodiments of a lens controller in
accordance with the present invention will now be
described in detail with reference to the accompanying
drawings.

First, the prmc:ple of the lens controiler of the pres-
ent invention is described before the detailed descrip-
tion thereof.

In general, a zooming lens is defined by a lens which
does not move with respect to the focal position by the
zooming operation (the change in focal distance f of the
entire zooming optical system). However, in the present
invention, the change in focal position of the zooming
lens is allowed and this construction is a starting point
of the present invention. In the present invention, the
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movement of this focal position is finally corrected to
provide a suitable focusing state as described later. In
the following description, it is assumed that a front
focusing system is used with respect to the lens control-
ler of the present invention.

When the change in angle of view by the zooming
operation is visually recognized, it is natural that the
angle of view is linearly changed in accordance with
the rotation of a motor when a so-called power zoom is
especially used to perform the zooming operation by
driving the motor, etc. This change in angle of view is
approximately proportional to an inverse number 1/f of
the focal distance f of the entire zooming optical system.
Accordingly, the view of angle is naturally changed if
the rotation of the motor is changed in proportion to the
focal distance f of the entire zooming optical system. In
the following description, it is assumed to dispose a
means for detecting this focal distance f and a focal
distance information Zp outputted from this detecting
means is constructed to be changed in proportion to the
rotation of the above motor. In this case, when Cpg and
Cpi are setting constant numbers set at the designing
time, the relation between the focal distance f of the
entire zooming optical system and the focal distance
information Zp for providing a natural change in view
of angle can be represented by the following formula

(1).

}/f=Cpo-Zp+Cpy (1)

In this case, the change in focal distance fg of the
focusing lens group F is allowed, thereby reducing the
unnecessary moving amount of the focusing lens group
on the wide angle side caused by the equivalent amount
movement in the conventional zooming lens. The rela-
tion between the focal distance fz of the focusing lens
group and the focal distance f of the entire zooming
optical system for reducing the outer diameter of the
lens is thus considered to be provided by the following

formula (2).

[t =Cof (2)

where Cgyp 1s a setting constant number as mentioned
above.

By multiplying both sides of the formula (2) by 1/{2
and substituting the formula (1) onto the right side of
this mulitiplied formula, the following formula (3) is

provided.

(f1//)* = Crod Cpo-Zp+ Cp1) 3)

When a defocusing amount on a film face as a calcu-
lating result of the auto focusing operation is 6 and Cjp
and Cji are new setting constant numbers, the moving
amount A of the focusing lens group until the focusing
position can be calculated by the following formula (4).

8=(C10Zp+C11)3 )

We next consider how to calculate the distance of a 60

photographed object.

A focusing position information Sx is assumed to be
outputted in proportion to the position (moving
amount) of the focusing lens group in the direction of
the optical axis. In this case, when Cigis a setting con-
stant number, the following formula (5) is provided.

Sx=_C3pA (5)
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Accordingly, when Cag, C41 and Cgs; are new setting
constant numbers, the following formula (6) is pro-

vided.

d) =(CapZp+ C41)Sx+Cq2 (6)
By this formula, the distance d; of the photographed
object can be calculated. |
The formula (6) can be rewritten by the following

formula (7) to simplify the notation.

D=(CoZp+ C1)Sx+C2 (7)

In this formula, D is the distance of the photographed
object and is di, and Cp, C and C; are setting constant
numbers set at the designing time and are respectively
equal to Cag, C41 and C42. Namely, in the formula (7), if
a means for controlling Zp and Sx so as not to change
the distance D of the photographed object is realized, it
is possible to perform no focusing movement (or correc-
tion) of the lens group by the zooming operation. In this
case, the moving amount of the focusing lens group is

‘not the above-mentioned equivalent amount movement.

In other words, in this case, there 1s no condition of the
equivalent amount movement.

‘The operation of the lens controller in the first em-
bodiment of the present invention will next be de-
scribed. |

FIG. 1 1s a block diagram showing the entire con-
struction of the lens controller of the present invention.
In this figure, a zooming lens group 2 is movably dis-
posed on an optical axis 1 of a zooming optical system
therealong and constitutes the zooming optical system.
First, second, third, fourth and fifth lens groups 2a, 2b,
2¢, 2d and 2e are respectively composed of single or
plural lenses. The first lens group 2a and the second lens
group 2b constitute a focusing lens group 3 mentioned
above. Accordingly, the focal distance formed by the
first lens group 24 and the second lens group 2b is repre-
sented by fg. The first to fifth lens groups 2a to 2e con-
stitute the zooming lens group 2 mentioned above. Ac-
cordingly, the focal distance of these first to fifth lens
groups 2a to 2e is represented by f;. The focal distance

of the entire zooming optical system composed of the

zooming lens group 2 is represented by f. Reference
numeral F designates a film face. A zooming drive sec-
tion 4 is composed of a zooming motor Mz as a zooming
drive means for driving the zooming lens group 2 and
an unillustrated mechanical section so as to set the focal
distance f of the entire zooming optical system to an
arbitrary focal distance from the focal distance on the
telescopic side (on which the focal position is simply
called “telescopic position” in the following descrip-

5 tion) as the longest focal distance to the focal distance

63

on the wide angle side (on which the focal position is
simply called “wide position” in the following descrip-
tion) as the shortest focal distance. A focusing drive
section § has a focusing motor Mg as a focusing drive
means for moving the first lens group 2a and the second
lens group 2b to a focusing position from the infinite
position (e position) on the optical axis 1 to a proximate
position corresponding to the distance of the photo-
graphed object from the infinite position to the proxi-
mate position. Namely, this focusing drive means moves
the first lens group 2a and the second lens group 26 in
the optical axis direction in a state in which the distance
therebetween is constantly held. The focusing drive
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section 5 further has an unillustrated mechanical section
for the focusing motor Mg. A focusing counter 6 and a

position detector (which is called FPM in the following

description) 7 for detecting the position of the focusing
lens group are driven by the focusing drive section S as
well as the first lens group 2a and the second lens group
2b. The focus counter 6 generates a counting pulse
(Dfc) proportional to the number of rotations of a slit
disk 6a by the rotation thereof from a photo-interrupter
60 and detects the moving amount of the first lens group
2a and the second lens group 2b on the optical axis 1.
The FPM 7 constructs a focusing lens group position
detecting means for outputting a voltage proportional
to the positions of the first lens group 22 and the second
lens group 2b on the optical axis as the focusing position
information Sx mentioned above. A position detector
(which is called ZPM in the following description) 8 for
detecting the position of the zooming lens group is
driven by the zooming drive section 4 as well as the
zooming lens group 2. The ZPM 8 outputs a voltage
proportional to the focal distance f of the entire zoom-
ing optical system as the focal distance information Zp
mentioned above and constitutes a zooming lens group
position detectmg means.

A maximum drawing-out amount calculating section
9 performs an A/D conversion with respect to the in-
putted focal distance information Zp, and calculates the
moving amount (i.e., the drawing-out amount) Fpyx of
the first lens group 2a¢ and the second lens group 2b
from the infinite position to the proximate position with
respect to this Zp. A proportional constant number
calculating section 10 receives the output Fjx of this
maximum drawing-out amount calculating section 9
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and the output Sx as focusing position information of 55

the FPM 7 and performs the A/D conversion with
respect to the output Sx. The proportional constant
number calculating section 10 then calculates a ratio of
the output F,x and the converted output Sx and outputs
a proportional constant number Cfp. A focusing correc-
tion calculating section 11 receives the above three
outputs Fpx, Cfp and Sx and constructs a portion of a
focusing correction control means for calculating a
correcting amount Dfp and a focusing direction FDR
to perform the focusing operation. A reference amount
control section 116 receives the above focusing position
- information (Sx) and functions as a reference amount
control means for outputting a reference amount (DFQO)
on the basis of a calculating formula described later. A
focusing control section 12 receives the output Dfc of
the focusing counter 6, the correction amount Dfp from
the focusing correction calculating section 11, the refer-
ence amount (DFO) and an execution signal (GO), and
constructs a portion of a focusing correction control
means for controiling the operation of the focusing
drive section 3.

An operation recognizing section 12a is operated as a
remaining operation recognizing means for recognizing
an overrunning amount of the focusing motor Mg and
the zooming motor Mz in a remaining operation after
commands for stopping the operation of the focusing
motor Mrand the zooming motor Mz are given (after
the braking operation). A continuation judging section
125 as an influence judging means receives a recogniz-
ing signal (K) from this operation recognizing section
12a and judges whether or not the above overrunning
amount gives an influence on the next preset operation.
When the overrunning amount does not give any influ-
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ence on the next preset operation, the continuation
judging section 126 outputs a continuing signal (GO).
Starting means 13 to 1§ are constructed by zooming
switches 13, 14 composed of push-button switches
which can be externally operated to start the zooming
operation, and a driving direction judging section 18.
The switch 13 is constructed by a switch for increasing
the magnification (which is simply called an up-switch
in the following description). The switch 14 is con-
structed by a switch for decreasing the magnification
(which is simply called a down-switch in the following
description). The driving direction judging section 15
receives outputs of these switches 13 and 14 and deter-
mines the rotary direction of the zooming motor Mz

and thereafter outputs a start signal (STR).
A zooming control section 16 as a zooming speed-

‘control means receives this start signal (STR), the

above continuing signal (GO), a back electromotive
voltage (Vr), and an offset signal (OFS) and outputs a
pulse voitage (PP) to control the operation of the zoom-
ing drive section 4. A speed detecting resistor 16a is
disposed to detect the back electromotive voltage (Vr)
approximately proportional to the number of rotations
of the zooming motor Mz driven by the above pulse
voltage (PP). An offset detecting section 16b receives
the above focusing position information (Sx) and out-
puts an offset signal (OFS) based on a calculating for-
mula described later. The focusing control section 12
and the zooming control section 16 have a brake timer
and the zooming control section 16 has an interrupting
timer and a zooming lock flag although these construc-
tions are not shown in FIG. 1.

In FIG. 1, an electric power source is designated by
4V and the mputting and outputting relations of the
respective constructional portions are shown by only
main signals.

FIG. 2 1s a graph showing the operating characteris-
tics of the lens controller in the first embodiment of the
present invention shown in FIG. 1. This figure shows
the focal distance f of the entire zooming optical system
to be set and the drawing-out amount (moving amount)
corresponding to the distance D of the photographed
object with respect to the focusing lens group 3 (the
first lens group 22 and the second lens group 2b) every
distance D of each typical photographed object. The
axis of ordinate shows the change in focal distance f of
the entire zooming optical system and the axis of ab-
scissa shows the drawing-out amount of the focusing
lens group 3 with the focusing position with respect to
the infinity as a reference. In this example, the tele-
SCOpIC pOSltlDIl 1s shown by f=135 mm and the wide
position is shown by f=35 mm. |

In FIG. 2, focusing curves 17 to 22 show the change
in drawing-out amount of the focusing Iens group 3
from the infinite posulon to the focusing position with
respect to the change 1n focal distance information Zp
when the distance D of the photographed object on the
left side of the above-mentioned formula (7) is «, 6.0 m,
30m, 2.0 m, 1.5 m, and 1.2 m, respectively. Accord-

- ingly, the focusing curve 22 is a focusing curve in the

65

proximate position providing a maximum drawing-out
amount and is set to Fpx. Namely, when the distance D
of the photographed object in the proximate position is
Do and Sx=Fpx, the formula (7) is represented by the
following formula (8).
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Dy — €3

(8)
Co-2Zp + Gy |

Fpx =

By separating the constant number in the formula (8), >
the following formula (9) is provided.

)
10

In the formula (9), when C1;=C;, C32(Dg)=C3, and
C33(Dg)=C;, the following formula (10) is obtained.

C2 (10) 15

FIG. 3 i1s a graph for explaining the operations of the
respective constructional and calculating sections in
FIG. 1 by omitting a portion of the focusing curves of 20
FI1G. 2.

In FIG. 3, Zp(1), S(i) and Fp(i) respectively show the
moving amount (the maximum drawing-out amount)
from the focusing curve 17 in the infinite position to the
focusing curve 22 in the proximate position with respect
to the focal distance information (a first focal distance
information) Zp just before the zooming operation, the
tocusing position information Sx, and the above Zp(1).
The Z(p), Fp(e) and Dfp respectively show the focal
distance information (a second focal distance informa-
tion) until a predetermined time has passed since the
operation of the zooming drive section 4 starts, the
moving amount from the focusing curve 17 to the focus-
ing curve 22 with respect to the above Zp(e), and a
correcting amount to be corrected in the focusing
movement. Namely, when the proportional constant
number Cfp just before the zooming operation is given
by the following formula (11), the focusing curve in the
proximate position is provided by the following formula

(12).

25

30

_ () (11)
P = “Fpl
Do — C (12) 45
) =250 + G
, _ S() + D (13)
Cfp' = _DFp(_E)L
Dy — C; (14) 90
Fpe) = G Zxo) + G
' o (15)
G
bip = Cp (WJ‘ S0 55

In the above formula (13), Cfp’ is a proportional con-
stant number after the predetermined time has passed.

No focusing movement is caused if Cfp=Cfp’ is
formed. To form this formula, the formula (13) must be
formed. The focusing curve 22 at this time is provided
by the formula (14). Accordingly, when the left side of
the formula (13) is replaced by Cfp and the formula (14)
is substituted into the denominator on the right side of
the formula (13), the above formula (15) is obtained. 65
The formula (15) is changed to the following formula
(16) by deforming the formula (14) in a sequential order
of (8), (9) and (10) as mentioned above.

35
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(16)
3

Dfp = ij(m -+ C_‘:,)—S(f) ,

The Sx(T) designates the focusing position informa-
tion Sx when the focal distance information Zp is pro-
vided in the position on the telescopic side. The So(T)
designates the focusing position information Sx, i.e., an
intersection point between Sx(T) and Fpx when the
above Sx(T) is provided on the focusing curve 22 in the
proximate position. The focusing curve 23 designates a
curve drawn as mentioned above when the distance of
the photographed object is arbitrary.

An operation expression provided by the offset de-
tecting section 164 in FIG. 1 is shown by the formula
(17), and an operation expression provided by the refer-

- ence amount control section 115 is shown by the for-

mula (18). These operation expressions are represented
by functions of the focusing position information Sx as
follows. -

Sx (17)

Vos = Ca + Cs
_ Sx (18)
DF) = Ce + Cv

In the above formulas (17) and (18), Cs4, Cs, Cg¢ and
(7 are setting constant numbers provided as mentioned
above. |

FIG. 4 is a timing chart for explaining an interrupting
operation for the speed control of the zooming motor
Mz. In this figure, the axis of ordinate shows the rotary
speed VZ of the zooming motor Mz, and the axis of
abscissa shows time t. |

In FIG. 4, reference numeral Ti designates an inter-
rupting period in which the interrupting operation is
started, t1 to t9 represent time points at which the inter-
rupting operation is started, Twl and Tw2 designate
overrunning time of the zooming motor Mz and the
focusing motor Mp, and reference numeral Tmf desig-
nates an operating period of the focusing motor Mpg.

FIGS. § and 6 are graphs for explaining the operation
of main portions of the lens controller and omitting a
portion of the focusing curves of FIG. 2. FIG. 5§ also
shows the conventional operation for comparison.

In FIG. §, reference numerals 24 and 26 designate
wide arrows showing the direction and amount of the
zooming operation, 25 and 27 wide arrows showing the
direction and amount of the focusing or shifting opera-
tion, and reference numeralis 28 and 29 designate points
on the focusing curve 22. The point 28 is an intersection
pomt provided by Zp=Zp4, and the point 29 is an
intersection point provided by Zp=Zp0. Reference
numeral Smax designates a maximum value of the focus-
ing posttion information Sx, and the focusing position
information Sx in the « position shows 0 or a minimum
value thereof. Reference numerals S(1), S(2) and S(3)
respectively show the focusing position information Sx
in the wide position, i.e., in the case of Zp=Zp0. The
S(1) corresponds to an Intersection point provided by
the focusing curve 18. The S(2) corresponds to an inter-
section point provided by the focusing curve 22 and is
located in the same position as that of the point 29. The
S(3) corresponds to the point 28.

With respect to the conventional operation of the lens
controller, the Zpl to Zp9 on the axis of ordinate re-
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spectively show zoom operating states while the focus-

ing operation is performed with respect to the focal

distance information Zp every predetermined distance
Lz. The Z1 to Z9 designate arrows showing the direc-
tion and amount of the zooming operation. The F1 to
F9 designate arrows showing the direction and amount
of the focusing operation. The Zp=Zp0 corresponds to
the wide position and the Zp=Zp9 corresponds to the
telescopic position.

In FIG. 6, a dangerous band 30 on the side of the
infinite position is set on the side of the proximate posi-
tion from the focusing curve 17 and has a width shown
by a small distance ASx. A dangerous band 31 on the
side of the proximate position is formed by the focusing
curve 22 and a curve displaced in parallel by a small
distance AZp onto the side of the longer focal distance
(on the upward side in this figure) with respect to the
focusing curve 22. Reference numeral 32 designates a
safe region except for these dangerous bands 30 and 31.
Reference numerals 33 to 35 designate arrows showing
the zooming direction and the zooming speed and the
size of each of these arrows shows the zooming speed.
The S(a), S(b) and S(c) designate the focusing position
information Sx shown by the above arrows 33 to 35S,
respectively.

FIGS. 7 to 11 are flow charts showing the opera-
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tional sequences of the lens controller in the first em-

bodiment of the present invention shown in FIG. 1.
FIG. 7 shows the zooming operation of the lens control-
ler in a main routine. FIGS. 8 and 9 show the zooming
and shifting operations performed in the above main
routine. FIG. 10 shows the focusing drive operation and
FIG. 11 shows the operation for controlling the zoom-
ing speed. The zooming speed control operation in
FIG. 11 is the intérrupting operation started every pre-
determined interrupting period as described later.

The operation of the above-mentioned lens controller
in the first embodiment shown in FIG. 1 will next be
described in detail with reference to these flow charts.
The operation for increasing the magnification by per-
forming the zooming operation from the wide side to
the telescopic side is first described.

When the up-switch 13 is operated, the driving direc-
tion judging section 15 outputs the start signal (STR)
indicating the magnification increasing direction. At
this time point, the flow chart in FIG. 7 starts from a

30
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step START. In a first step “escape to safe region”, the

maximum drawing-out amount calculating section 9
and the proportional constant number calculating sec-
tion 10 respectively read the focusing position informa-
tion (Sx) and the focal distance information (Zp), and
perform the A/D conversion with respect to this infor-
mation. Then, the converted information is processed in
accordance with the above formula (16). It is then
judged whether or not the focusing lens group 3 is
located within the dangerous band 31 shown in FIG. 6.
When the focusing lens group 3 is located within the
dangerous band 31, the focusing lens group 3 i1s moved
onto the side of the infinite position by a step “focusing
~drive” described later, thereby escaping from the dan-
gerous band 31 to the safe region 32.

In the next conditional step *“‘zooming lock ?”, the
zooming lock flag is checked. In the present case, this
flag shows a reset state so that the judging result is NO.
In the next conditional step “perform speed control”,
the zooming control section 16 receives an interrupting
signal from an unillustrated interrupting timer. In the
next step “lock released ?”’, the above zooming lock flag

20
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is checked and is similarly in the reset state so that the
judging result is YES. In the next step “zoom-shift oper-
ation”, the zooming and shifting operations are thereby
performed. Then, it returns to the flow chart in FIG. 8
and this flow chart starts from a step START.

At this time, the operation recognizing section 12a
informs that the zooming and shifting operations are
started by the recognizing signal (K). The continuation
judging section 12b receiving this, recognizing signal
outputs the continuing signal (GO) since the repeating

operation begins to be performed.
In a first step “read data” in FI1G. 8, the offset detect-

ing section 164, the proportional constant number cal-
culating section 10 and the maximum drawing-out
amount calculating section 9 receive the focusing posi-
tion information (Sx) and the focal distance information
(Zp), and respectively perform the A/D conversion
with respect to this information. In the next step *““calcu-
late offset value”, the offset detecting section 164 calcu-
lates an offset value Vps based on the above formula
(17) and outputs this offset value as an offset signal

(OFS). In the next conditional step “Is it within danger-

ous band ?”, the focusing correction calculating section
11 judges whether or not the focusing position informa-
tion Sx is located within the ASx in FIG. 6. When the
focusing lens group 3 is located within the dangerous
band 30 on the side of the infinite position, the judging
result of the flow chart in this step 1s YES. The judging
result of the flow chart in this step is NO when the
focusing lens group 3 is located 1n the safe region 32. In
the present case, this result 1s set to NO. In the next step
“calculate maximum drawing-out amount”, the maxi-
mum drawing-out calculating section 9 calculates a
maximum drawing-out amount (FPx) based on the for-
mula (10). In the next step ‘*‘calculate correcting
amount”’, the focusing correction calculating section 11
receives the proportional constant number (Cfp) calcu-
lated by the proportional constant number calculating
section 9, and outputs the correcting amount (Dfp)
based on the formula (16).

In the next step “calculate reference value” in FIG. 8,
the reference amount control section 115 outputs the
reference amount (DFQO) based on the formula (18). In
the next conditional step “execute correction ?”, the
focusing control section 12 compares the above correct-
ing amount (Dfp) with the reference amount (DFQ).
When DFO = Dfp, the judging result of the flow chart
in this step is NO. When DFO < Dfp, the judging result
of the flow chart in this step 1s YES. Namely, when the
correcting amount (Dfp) exceeds the reference amount
(DFO), the shifting operation is executed. Further, in
the next conditional step “driving direction conformed
7, the driving directions of the zooming lens group 2
and the focusing lens group 3 are respectively checked
with respect to each other. Namely, these driving direc-
tions are conformed to each other in the case in which
the focusing direction is changed from the infinite posi-
tion to the proximate position when the zooming direc-
tion is changed from the wide side to the telescopic side.
Further, these driving directions are also conformed to
each other in the case in which the focusing direction 1s
changed from the prommate posmon to the infinite

position when the zooming direction is changed from

the telescopic side to the wide side. In these two cases,
the judging result of the flow chart in this step is YES.
In a case except for these two cases, the judging result
of the flow chart in this step is NO since the above
directions are not conformed to each other. In the pres-
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ent case, it is assumed that the judging result of the flow
chart in this step is YES. In this case, the flow chart
proceeds to mark 1 and thereby it proceeds to mark

1 in FIG. 9. With respect to mark 2 in FIG. 8, it
similarly proceeds to mark 2 in FIG. 9.

In the next step “calculate DFC” in FIG. 9, the focus-
ing control section 12 receives the correcting amount
(Dfp) and calculates the formula Dfp X Cg=CFC with
Cg a setting constant number. The focusing control
section 12 further converts the correcting amount (Dfp)
to a relative amount in the same dimension as that of a
counting pulse (Dfc). In the next step “inhibit speed
control”, the zooming control section 16 inhibits the
interrupting operation from the interrupting timer. In
the next step “stop zooming motor”, the pulse voltage
(PP) applied to the zooming motor Mz is interrupted
and an electromagnetic brake is applied to the zooming
motor Mz. In the next conditional step “waiting time
required 77, it is judged whether there is the continuing
signal (GO) or not. In the present case, the continuing
signal (GO) is being outputted as mentioned above.
Therefore, the judging result of the flow chart in this
step 1s NO, thereby executing the next step “focusing
drive”.

Then, it proceeds to the flow chart in FIG. 10 and
this flow chart begins from a step “START” thereof. In
a first step “read focusing counter”, the focusing con-
trol section 12 reads the counting pulse (Dfc) from the
focusing counter 6. In the next conditional step
“Dfc=DFC ?”, it is judged whether or not the focusing
lens group 3 is moved by the correcting amount (Dfp).
When the focusing lens group 3 is not moved by this
correcting amount, the judging result in this step contin-
ues to be NO. When the focusing lens group 3 reaches
the focusing position, Dfc=DFC is formed so that this
judging result becomes YES. In the next step “brake
motor”, the electric current applied to the zooming
motor Mg1s interrupted and an electromagnetic brake is
applied thereto. In the next conditional step *“‘continua-
tion 7", the focusing control section 12 checks whether
there is the continuing signal (GO) or not. In the present
case, the continuing signal (GO) 1s being outputted so
that this judging result is YES, thereby proceeding to
the next step “RTS” and then returning to the flow
chart in FI1G. 9.

The step “focusing drive” in FIG. 9 has been com-

pleted as mentioned above. In the next conditional step
“focusing lock ?”, this judging result is NO. In the next
step “perform speed control”, the zooming control
section 16 performs the interrupting operation from the
interrupting timer again. In the next step “RTS”, it
returns to the flow chart in FIG. 7.

The step “zoom-shift operation” in FIG. 7 has been
completed as mentioned above. In the next conditional
step ‘““zoom continued ?”’, the zooming control section
16 checks the start signal (STR). In the present case, it
is assumed that the up-switch 13 is continued to be
operated. Accordingly, the judging result of the flow
chart in this step is YES and it again returns to the
above step “lock released ?”°. In this step *“lock released
7, the judging result is YES. In the next step “zoom
continued ?”, the judging result is YES, thereby return-
ing to the above step “lock released 7’ again. The repe-
titious loop constructed by the step *“lock released ?”
through the step “zoom continued ?” is called a zoom-
shift loop in the following description.

In the step “focusing lock 7’ in FIG. 9, the judging
result is YES. Thus, the next step “escape to safe re-
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gion” is executed. In the next step “focusing lock ?”, the

judging result is YES. The operation of the lens control-

~ ler until the above zooming lock flag is set in the next
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step “zooming lock flag=1" 1s set for an unexpected
malfunction of the lens controller in the actual design
thereof. The operation of the lens controller in which
the judging result is YES in the step “zooming lock 7
in FIG. 7 or the judging result is NO in the step “lock
released ?” is also set for an unexpected malfunction of
the lens controller in the actual design thereof. Such
operations of the lens controller do not directly relate to
the features of the present invention. Therefore, in the
following description, the judging result in the two
steps *“‘focusing lock 77 1s assumed to be NO at any time.
Accordingly, the judging result in the step “zooming
lock 7’ is assumed to be NO at any time and the judging
result in the step “lock released 7 1s assumed to be YES
at any time.

In the step “Is 1t within dangerous band ?” in FIG. 8,
the judging result is YES. In the subsequent steps “‘exe-
cute correction 7’ and ‘““driving direction conformed 7,
the judging results are NO. Thereafter, it proceeds to
the step “RTS” in FIG. 9 through mark' 2 . From this
step “RTS”, it returns to the flow chart in FIG. 7. In
this case, the two operations of the lens controller in the
steps “Is 1t within dangerous band ?”’ and “driving di-
rection conformed ?” do not directly relate to the fea-
tures of the present invention. Therefore, in the follow-
ing description, it i1s assumed that the judging result in
the step “Is it within dangerc)us band 7’ is NO at any
time, and the judging result in the step “‘driving dlrec:—
tion conformed 7 1s YES at any time.

While the operation of the up-switch 13 is continued,
the operation of the lens controller in the above zoom-
shift loop is repeatedly performed. The control opera-
tion of the zoom speed next described is started by the
interruption. This zoom-shift loop is composed of an
alternating allowance and an allowance continuing
loop. In the alternating allowance loop, the interruption
1s allowed from the step “perform speed control” in
FIG. 7 and it then proceeds to the flow chart in FIG. 8.
The step “START” of the flow chart in FIG. 8 to the
step “inhibit speed control” of the flow chart in FIG. 9
construct an allowing period. The step “inhibit speed
control” of the flow chart in FIG. 9 to the subsequent
step “perform speed control” in FIG. 9 construct an
inhibiting period. In the above alternating allowance
loop, the allowing period and the inhibiting period are
repeated. In the allowance continuing loop, the inter-
ruption is allowed from the step “perform speed con-
trol” in FIG. 7 and it then proceeds to the flow chart in
FIG. 8. The step “START” of the flow chart in FIG. 8
is started and the judging result in the step “execute
correction?” in FIG. 8 is NO. It then proceeds to the
step “‘RTS” in FIG. 9 and the allowance of the interrup-
tion i1s continued. These steps construct the allowance
continuing loop mentioned above. In the case of the
above alternating allowance loop, the step ‘“‘focusing
drive” is executed during the above inhibiting period as
mentioned above.

As shown in FIG. §, it is next assumed that the zoom-
ing lens group 2 and the focusing lens group 3 just
before the switching operation of the up-switch 13 are
in the focusing state at the point 29. At this time, the
focusing position information Sx is S(2) and it is then
assumed that the reference amount DFO0 in the case of
Sx=S(2) is provided by DF0=0. In this case, the cor-
recting amount Dfp=0 and Dfp < A are obtained. Ac-
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cordingly, the above zoom-shift loop becomes the
above allowance continuing loop.

As shown in FIG. 4, when the interruption is allowed
at a time point t1 and a first interruption is simulta-
neously generated for brevity (in reality, the time points
of the interrupting generation and the interrupting al-
lowance or inhibition are completely independent of
each other), the step “START” of the flow chart in
FIG. 11 is started and the zooming control section 16
first reads the offset value Vs from the offset signal
(OFS) in the step “read offset value” in FIG. 11. In the
next step ‘“‘determine duty ratio”, the duty ratio of the
pulse voltage (PP) is determined. In the next step *“‘out-
put pulse voltage”, the pulse voltage (PP) according to
this duty ratio is outputted to drive the zooming motor
Mz. In the next step “read back electromotive voltage”,
the back electromotive voltage Vr from the speed de-
tecting resistor 16a is read. In the next conditional step
“following?”, it is checked whether or not the preset
number of rotations of the motor is set with respect to
the above duty ratio. When this preset number is set, the
judging result in this step is YES and the first interrupt-
ing operation is completed in the step “RTI” in FIG. 11.
When the above preset number is not set, the judging
result in this step is NO and the duty ratio is corrected
in the step “correction processing” and is outputted
again, thereby proceeding to the above step “RTI".

The interruption is continued to be allowed so that
the operation of the lens controller in FIG. 11 is sequen-
tially started at respective time points t2 to tS every
interrupting period Ti. The rotary speed of the zooming
motor Mz is increased from the time point t1 when this
rotary speed is zero, and approximately becomes a
speed V1 corresponding to the offset value Vg at the
time point t2 of a second interruption. This speed V1 is
held until the time point t0. In FIG. §, the zooming lens
group 2 is moved onto the telescopic side from the point
29 as shown by an arrow 24.

When the zooming lens group 2 reaches a position
provided by Zp=2Zp4, the correcting amount Dfp ex-
ceeds the reference amount DF0=A. Therefore, in the
step “execute correction?”’ within the above allowance
continuing loop in FI1G. 8, the judging resuit 1s YES and
the above zoom-shift loop i1s switched to the above
alternating allowance loop. When this switching opera-
tion is performed at the time point t0, the step “calculate
DFC” in FIG. 9 is executed and the interruption s
inhibited in the next step “inhibit speed control”. In the
next step “‘stop zooming motor”, the pulse voltage (PP)
applied to the zooming motor Mz is interrupted and the
electromagnetic brake is applied thereto. In the next
step “waiting time required?”’, the judging result 1s NO
and the next step *“focusing drive” is then executed.
Namely, as shown in FIG. 4, the zooming motor Mz is
braked at the time point t0 and the focusing motor Mfr
begins to be driven and there is no overrunning time
Tw1 until a time point ta when the overrunning opera-
tion of the zooming motor Mz really stops, thereby

correspondingly increasing the operation of the lens

‘controller. In the case of the above step “focusing
drive” in FIG. 9, the judging result in the step “continu-
ation?” in FIG. 10 is also YES as mentioned above.
Accordingly, the interruption is allowed in the step
“perform speed control” in FIG. 9 from the time point
t6 when the focusing motor Mfr is braked in the step
“brake motor”. Thus, the zooming motor Mz is driven
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again from the time point t6 without waiting for over-

running time Tw2 of the focusing motor Mg, thereby

24

correspondingly increasing the operating speed of the

lens controller.

As shown by arrow 25 in FIG. §, the focusing lens
group 3 is driven in the step “focusing drive” and 1s
located at the point 28 on the focusing curve 22. Ac-
cordingly, the focusing position information Sx is in-
creased from S(2) to S(3). Namely, as shwon in FIG. 4,
by this increase, the rotary speed of the motor is set to
a speed V2 faster than the above speed V1 at the time
point t7, and the reference amount DFO is also increased
from A to B(B>A). Thus, the next zoom-shift opera-
tion is performed as shown in arrows 26 and 27 in FIG.
5, thereby similarly performing the zooming and shift-
ing operations alternately.

Thereafter, when the switching operation of the up-
switch 13 is released, the zooming control section 16
detects this operating state and the judging result in the
step ‘“zoom continued?”’ of the zoom-shift loop (i.e.,
alternating allowance loop) is NO. The operation rec-
ognizing section 12a informs this operating state by the
recognizing signal (K) as well as the release of the up-
switch 13. The continuation judging section 125 re-
ceives this recognizing signal (K) and stops the output
of the continuing signal (GO).

In the next step “‘inhibit speed control” in FIG. 7, the
interruption is inhibited. In the next step “‘stop zooming
motor”, the zooming motor is braked as mentioned
above. Since the continuing signal (GO) is not output-
ted, the brake timer is set to a predetermined time in the
next step ‘‘set brake timer” and the counting operation
thereof is started. In the next conditional step ‘“‘time
up?”’, the waiting operation is performed for the set
time. The next step ‘“‘correction at end time” 1S next

executed so that the zooming operation is completed 1n

the step “END”. In the this step “correction at end
time”, only the zooming lens group 2 is driven in the
allowance continuing loop of the zoom-shift loop.
When the switching operation of the up-switch 13 s
released in this allowance continuing loop before the
correcting amount Dfp reaches the reference amount
DF0=A, the unexecuted correcting amount Dfp is left
and a defocusing state is thereby caused and the above
zooming operation is completed in this defocusing state.
The operation in the above step *‘correction at end
time” is performed to prevent such a state. Namely, the
left correcting amount Dfp 1s calculated in accordance
with the formula (16) and thereafter the focusing drive
operation in FIG. 10 is executed. In this case, the judg-
ing result in the step “continuation?”’ 1s NO and the
waiting operation is performed for the set waiting time.

As mentioned above, in accordance with the first
embodiment shown in FIG. 1, the rotary speed of the
zooming motor Mz and the reference of the focusing
correction can be changed by the offset value Vg from
the offset detecting section 160 and the reference
amount DFO0 from the reference amount control section
11b. Accordingly, for example, when the focusing lens
3 is located on the focusing curve 22, as shown in FIG.
5, the focusing and zooming operations are not repeat-
edly performed so often in a place in which the conven-
tional shift amounts F1 to F3 are small. Namely, the
number of focusing operations is limited so that the
general operating time as a total time of the zooming
and focusing operations can be reduced. Further, the
waiting time after the braking operations of the focusing
motor Mrand the zooming motor Mz is removed dur-
ing the zooming and shifting operations so that the
above general operating time can be reduced.
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The above offset value Vpsand the reference amount
DFQO are functions of the focusing position information
Sx and are increased as this Sx is increased as shown by
the formulas (17) and (18). Accordingly, this Sx is also

increased from S(a) through S(b) to S(c) on the side of 5

the proximate position on which the drawing-out
amount is greatly required as shown in FIG. 6. There-
fore, the operating speed of the lens controller is in-
creased as shown by arrows 33, 34 and 35 in FIG. 6 so
that the above general operating time can be reduced.
In contrast to this, as the Sx is decreased and therefore
approaches the infinite position side in a sequential
order of S(2), S(1) and « as shown in FIG. §, the offset
value Vs and the reference amount DFQ are also de-
creased so that the operating speed is reduced. Accord-
mgly, the above general operating time approximately
becomes uniform irrespective of the focusing position
information Sx (the distance of the photographed ob-
Jject), thereby improving the operability.

The present invention is not limited to the first em-
bodiment mentioned above, but various kinds of modifi-
cations can be made within the scope of the features of
the invention. |

For example, the conditional steps “waiting time
required?”’ and “T. W” in FIG. 9 are disposed to clarify
the features of the invention. The judging results in
these steps are NO at any time and therefore these steps
may be omitted. |

Further, the zooming lock flag may be set when the
number of executions in the step ‘“focusing drive” in
FIG. 9 is counted and this counting number exceeds a
predetermined number. In this case, a really unexpected
malfunction can be prevented by such a construction.

A second embodiment of the lens controller of the
present invention will next be described in detail with
reference to FIGS. 12 to 21.

FIG. 12 1s a block diagram showing the entire con-
struction of the lens controller. The basic construction
of the lens controller in this second embodiment is simi-
lar to that in the first embodiment in FIG. 1.

Namely, 1n the second embodiment shown in FIG.
12, the reference amount control section 115, the opera-
tion recognizing section 12a, the continuation judging
section 12b and the offset detecting section 165 disposed
in the first embodiment shown in FIG. 1 are not dis-
posed. However, an inhibiting section 12¢ is disposed in
this second embodiment although this inhibiting section
12¢ is not disposed in the first embodiment in FIG. 1.
Further, in this second embodiment, a maximum cor-
recting amount is constructed to be provided to the
focusing correction calculating section 11. Such a con-
struction 1s mainly different from that in the first em-

bodiment.
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Accordingly, the constructional portions different -

from those in the first embodiment in FIG. 1 will be
mainly described in the following description.

In FIG. 12, a focusing correction calculating section
11 receives three outputs Fpy, Cfp, and Sx and calcu-
lates a correcting amount Dfp for performing the focus-
ing operation. This focusing correction calculating sec-
tion 11 further compares this correction amount Dfp
with a preset maximum correcting amount Dmax and
outputs this Dmax when Dfp=Dmax. This focusing
correction calculating section 11 constructs a means for
calculating the focusing correction. A focusing control
section 12 receives the output Dfc of the focusing
counter 6, the inhibit signal (H), and the output Dfp
corresponding to the correcting amount of the above

335
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focusing correction calculating section 11. The focusing
control section 12 thus controls the operation of the
focusing drive section 5. This focusing control section
12 constructs a means for controlling the focusing cor-
rection. |

An inhibiting section 12c receives the start signal
(STR) described later and outputs the inhibit signal (H)
by the driving direction provided by this start signal.
This inhibiting section 12¢ constructs a means for inhib-
iting the focusing drive.

‘A zooming control section 16 receives the start signal
STR, a motor speed signal Vz and an output F,x and
controls the zooming drive section 4. A back electro-
motive voltage detecting section 16c¢ detects a back
electromotive voltage generated by the zooming motor
Mz when the zooming motor Mz is driven by the zoom-
ing control section 16, and outputs this back electromo-
tive voltage as the motor speed signal (Vz). The maxi-
mum correcting amount Dmax is set to several % of the
entire correcting amount provided by the zooming
operation from the telescopic side to the wide side.

FIGS. 13 and 14 are partially enlarged views of the
focusing curve 22 of FIG. 2 for explaining the principle
and operation of the lens controller in the second em-
bodiment. FIG. 13 shows the operation for reducing the
magnification and FIG. 14 shows the operation for
increasing the magnification. |

In FIG. 13, Fp(1) shows a dangerous limiting curve
(which is simply called a limiting curve in the following
description) calculated from the formula (7). When the
setting constant number C; in the formula (7) 1s set to
Ci-16 for example, the limiting curve Fp(1) is provided
by moving the focusing curve 22 in the most proximate
position in parallel upwards by 16 steps in this figure. In
the following description, the left-hand side (e« position
side) of this limiting curve Fp(1) in this figure is called
an outer side and the right-hand side thereof (the proxi-
mate position side) is called an inner side. An inhibiting
region on the proximate side between this limiting
curve Fp(1) and the focusing curve 22 is called a dan-
gerous band on the proximate side. Accordingly, the
width of the dangerous band on the wide side becomes
A Sx. Reference numeral 36 designates an arbitrary
focusing curve within the above dangerous band. Fp(2)
designates a provisional focusing curve slightly moved
in parallel on the « position side along the limiting
curve. P1 and P2 designate intersection points at which

Zp=2Zp(s) and the focusing curve 36 and the provi-

sional focusing curve Fp(2) respectively cross each
other. Sx(s) designates the focusing position information
Sx at the point P1. P3 and P4 designate intersection
points at which Zp=2Zp(E) and the provisional focus-
ing curve Fp(2) and the focusing curve 36 respectively
cross each other. P5 designates an intersection point at
which the focusing curve 22 and Zp=Zpp cross each
other. Zp(s), Zpm, and Zp(E) respectively designate
value Zp every distance of 8 steps. Zpp designates value
Zp in a position of steps less than 8 steps from Zp(s).
Reference numerals 37a, 37b, F1, and 39 designate ar-
rows showing the direction of the focusing drive. H1
and H2 designate arrows showing the direction of the
zooming drive. Reference numeral 38 designates an
arrow showing the direction of the provisional zooming
drive. A cam wall or stopper of a mechanical section
constructing the zooming drive section 4 and the focus-
ing drive section § is disposed and corresponds to the
right-hand side of the focusing curve 22 although this
construction is not shown.
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In FIG. 14, P6 designates an intersection point at
which Zp=Zp(s) and the arbitrary focusing curve 36
within the dangerous band cross each other. H4 and HS
designate arrows showing the direction of the zooming
drive. F2 and F3 designate arrows showing the direc-
tion of the focusing drive. The same portions as those in
F1G. 13 are designated by the same reference numerals
and the description thereof is therefore omitted.

FIG. 15 is an enlarged graph of the curves in the
vicinity of the « position in FIG. 2 for explaining the
principle of the lens controller in the second embodi-
ment of the present invention. FIGS. 16 and 17 are
views for explaining the operation of the lens controller
i FIG. 12 and respectively show the operation for
decreasing the magnification and the operation for in-
creasing the magnification.

FIG. 15 shows some focusing curves Li to Lsin a
focusing curve group L0 within a small interval A Sx on
the proximate side from the focusing curve (straight line
in this case) 17 in the infinite position. Theoretically,
any one of the focusing curve group LO does not
contact the focusing curve 17. Namely, the focusing
curve group L0 unlimitedly approaches the focusing
curve 17 as this focusing curve group approaches the
wide side. The unlimited approach i1s really equal to
contact in consideration of the restriction of the accu-
racy in processing of mechanical members and the ac-
curacy in assembly, etc. Therefore, in accordance with
such a meaning, all the focusing curves of the focusing
curve group LO contact the focusing curve 17 in any of
positions Zp(0) to Zp(3).

A stopper is disposed on the left-hand side of the
focusing curve 17 in FIG. 18§ although this construction
is not shown. A focusing curve Ls is provided to secure
a small safe distance A Ss in consideration of the me-
chanical error or rattle, etc., in unillustrated mechanical
portions on the wide side of the focusing curve (which
is simply called an infinite line in the following descrip-
tion) 17 in the above infinite position. This focusing
curve Ls is called a safe curve in the following descrip-
tion. Pg and Po' respectively designate intersection
points of the safe curve Ls and the above-mentioned
focusing curve Lson Zp=2Zp(T). Lg designates a paral-
lel Iimiting line parallel to the infinite line 17 and sepa-
rated from the infinite line 17 by the small distance A Sx
through the above point Pg. P to P3; designate substan-
tial contact points at which respective focusing curves
L4, L3 and L substantially contact the infinite line 17.
Zp(1) to Zp(3) designate value Zp corresponding to the
respective points Pj to P3. Zp(0) and Zp(1) respectively
designate value Zp on the wide and telescopic sides. In
the present case, Zp(0)=0 and Zp(T) =255 for example.
In the following description, a band portion located
between the infinite line 17 and the safe curve Ls is
called a dangerous band on the infinite side and an in-
hibiting region on the infinite side. In FIGS. 16 and 17,
the same portions as those in FIG. 15 are designated by
the same reference numerals and the description thereof
is therefore omitted.

In FIG. 16, a start point 40 designates a position on
the focusing curve L having the substantial contact
point P3 just before the zooming operation for decreas-
ing the magnification. Zp(s) designates value Zp corre-
sponding to the point 40. Reference numeral 41 desig-
nates a provisional start point provided by displacing
the point 40 on Zp=2Zp(s) in parallel by predetermined
steps on the side of the proximate position, and reaching
the above-mentioned outer side. Reference numeral 414
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designates a provisional focusing curve passing through
this provisional start point 41. A Sg designates the dis-
tance between this focusing curve 41ag on the wide side
thereof and the infinite line 17. Reference numerals 42
and 43 respectively designate a provisional intersection
terminal point of the provisional focusing curve 41a on
Zp=Zp(E), and an intersection terminal point of the
focusing curve L; on Zp=Zp(E) when the above
zooming operation has been completed. Reference nu-
merals 44 to 51 designate arrows showing the respective
driving directions. Reference numerals 45 to 47 desig-
nate the direction of the zooming drive in which the
length of the respective arrows has 8 steps. Further,
reference numerals 48 to S1 designate the direction of
the focusing drive. As can be seen from FIG. 16, the
following inequality is obtained.

ASs<<ASg<<ASX < <255

In FIG. 17, reference numeral 52 designates a start
point on the infinite line 17 showing the position thereof

just before the operation for increasing the magnifica-
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tion is started. This start point 52 corresponds to the
point P> in FIG. 18 for example. Zp(s) is a value of the
Zp of the start point 52 and Zp(s)=Zp(2) 1s set as men-
tioned above. The focusing curve L3 has a large inclina-
tion in comparison with that in FIG. 4 to clarify this
focusing curve. Reference numeral 53 designates a ter-
minal point showing the position of the focusing curve
when the above magnification increasing operation has
been completed. Reference numerals 54 and 5§ desig-
nate arrows showing the direction of the zooming drive
in which the length of the driving direction has 8 steps.
Reference numerals 56 and 57 designate arrows show-
ing the direction of the focusing drive.

FIGS. 18 to 21 are respectively flow charts showing
the operational sequences of the lens controller in the
second embodiment of the present invention shown in
FIG. 12. FIGS. 18 and 19 show main routines showing
the zooming and focusing operations. FIGS. 20 and 21
show subroutines used in the above main routines. FIG.
20 shows an operation for judging inhibition, and FIG.

21 shows an operation for judging correction.

The operation of the lens controller in accordance
with the second embodiment of the present invention
constructed as above will next be described with refer-
ence to the flow chart of FIG. 18. It is assumed that the
zooming lens group 2 and the focusing lens group 3 are
located at the point P1 in FIG. 13.

When the down-switch 14 in FIG. 12 is pushed (this
switch is assumed to be continuously pushed when
there is no designation of the switching operation in the
following description), a start signal (STR) including
information of the zooming direction is outputted from
the driving direction judging section 15, and the flow
chart in FIG. 18 starts from the step “START”. In the
first conditional step “Is it within dangerous band in
proximity?”, the maximum drawing-out amount calcu-
lating section 9 receives the output (Zp) of the ZPM 8
and performs the A/D conversion with respect to this
output and temporarily stores this converted output.
Further, the proportional constant number calculating
section 10 receives the output (Sx) of the FPM 7 and
performs the A/D conversion with respect to this out-
put and temporarily stores this converted output.
Namely, the position of the point P1, Zp=Zp(s), and
Sx=Sx(s) in FIG. 13 are read by these sections. The
limiting curve Fp(1) is calculated from Zp(s) and Sx(s).
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- Namely, it is judged whether or not the point P1 1s

located within the dangerous band in the calculation of
Sx=Fp(1). In the present case, the point P1 is located
within the dangerous band as can be seen from FIG. 13.
Accordingly, the judging result in this step in FIG. 18 is
YES. In the next step *“escape in infinite direction”, the
focusing control section 12 controls the focusing lens
group 3 such that this focusing lens group 1s moved by
a predetermined amount (e.g., 4 steps) in a direction
shown by the wide arrow 37a. Further, the focusing
lens group 3 is moved in the direction shown by the
arrow 37b and reaches the point P2 shightly exceeding
the Fp(1) on Zp=Zp(s) on the side of the infinite posi-
tion. At the point P2, the inequality Sx<Fp(1) is
formed.

In the next conditional step “Is 1t within dangerous
band on infinite side?”, the judging result is NO since
the focusing lens group 3 and the zooming lens group 2
are located at the point P2 at the present time. In the
next step “determine focusing correction line”, the pro-
visional focusing curve Fp(2) is calculated. In the next
step “zooming drive”, the zooming control section 16
begins to perform the shifting operation in which the
point P2 is set to a new start point and the provisional
focusing curve Fp(2) is in the vicinity of the limiting
“curve Fp(1) on the outer side thereof. Namely, the
zooming lens group 2 begins to be driven 1n the direc-
tion of the arrow HI. |

The zooming control section 16 performs e.g., a con-
stant speed control, etc. by the motor speed signal (Vz)
from the back electromotive voltage detecting section
16¢ during the operation of the zooming drive.

In the next subroutine “inhibiting judgement”, it pro-
~ ceeds to the flow chart in FIG. 20. The flow chart in
FIG. 20 starts from the step “START". In the first
conditional step “Is zooming direction on telescopic
side?”, the information of the driving direction included
in the start signal (STR) of the inhibiting section 12¢ is
checked. In the present case, this information shows the
magnification decreasing direction or the wide direc-
tion. Accordingly, the arrow H1 1s directed downwards
in FIG. 13. Therefore, the judging resuit of the flow
chart in this step is NO. In the next conditional step “Is

it within dangerous band on infinite side?”, the arrow

H1 enters the dangerous band in an intermediate portion
thereof with respect to the inhibiting section 12¢. This
band is a dangerous band on the proximate side as men-
tioned above and the anticipated direction of the next
focusing correction is a direction emitting from the
dangerous band as shown by the arrow F1. Therefore,
the judging result in this step is NO. In the next step
“allow infinite direction”, the direction arrow F1 of the
next focusing drive is allowed and the inhibit signal (H)
is not outputted. In the next step “RTS”, it returns to
the flow chart in FIG. 18. In the next conditional step
“drive inhibited?”’ in FIG. 18, the judging result 1s NO
since the focusing control section 12 does not receive
the inhibit signal (H) as mentioned above. In the next
step “calculate focusing correction”, the focusing cor-
rection calculating section 11 calculates the correcting
amount Dfp corresponding to the length of the arrow
F1. In the next subroutine “correcting judgment”, it
proceeds to the flow chart in FI1G. 21.

The flow chart in FIG. 21 starts from the step
“START”. In the first conditional step ‘“‘exceed
Dmax?”, the focusing correction calculating section 11
compares the maximum correcting amount Dmax with
the above calculated correcting amount Dfp. When
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Dmax > Dfp, the judging result in this step 1s NO, and
the above correcting amount Dfp is outputted in the
next step “output calculated value”. Conversely, when
Dmax=Dfp, the judging result in the step “exceed
Dmax?” in FIG. 21 is YES and the maximum correcting
amount Dmax instead of the above Dfp is outputted in
the next step “output maximum correcting amount”.
Thus, the flow chart proceeds to the next step “RTS”
and then it returns to the flow chart in FIG. 18 again.

In the next step “execute focusing correction” in
FIG. 18, the focusing control section 12 executes the
focusing drive corresponding to the above arrow F1. In
the next conditional step “zooming switch OFF?”, the
zooming control section 16 checks the start signal
(STR). When this signal shows the continuation of the
operation, the judging result in this step is NO. Con-
versely, when this signal shows the stoppage of the
operation, the judging result in this step is YES. In the
present case, the continuation of the operation is as-
sumed so that this judging resuit is NO. Then, it returns
to the above subroutine “inhibiting judgment” again,
and the above-mentioned operation is repeated again. In
the following description, this operating loop is called a
zoom-shift checking loop. The zooming drive is again
executed in the direction shown by the arrow H2. The
focusing drive is executed from the arrow H2 reaching
Zp=2Zp(E) to the point P3 slightly exceeding Fp(1) on
Zp=Zp(E) although no arrow is shown in FIG. 13. At
this time, when the above down-switch 14 is turned off,
the judging result in the step “zooming switch OFF?” in
FI1G. 18 is YES, thereby escaping from the above zoom-
shift checking loop. Then, the flow chart proceeds to
mark 1 in FIG. 18 and it then proceeds to the flow
chart in FIG. 19.

The flow chart in FIG. 19 starts from the mark 1 .
In the next step “zooming brake”, the zooming control
section 16 applies an electromagnetic brake to the
zooming motor Mz. In the next conditional step *‘stop
zooming motor?”’, the zooming control section 16
judges whether or not the operation of the zooming
motor Mz is stopped by the motor speed signal (Vz).

- This judging result is continued to be NO until the
operation of the zooming motor Mz is stopped. When

the zooming control section 16 judges that the opera-
tion of the zooming motor Mz is stopped, this judging
result becomes YES.

In the next step *“‘calculate end correction”, the cor-
recting amount Dfp from the point P3 to the point P4 is
calculated. In the next step “execute end correction”,
the focusing control section 12 drives the focusing lens
group 3 in the direction of the arrow 39 and then moves
this focusing lens group 3 from the above provisional
focusing curve Fp(2) to the point P4 on the original
focusing curve 36. Thus, all the operations with respect
to the decrease of the magnification have been com-
pletely performed.

As mentioned above, the operation for decreasing the
magnification is started after the position of the focusing
lens group 3 is once located outside the dangerous band
in advance as shown by the wide arrows 37z and 375 in
FIG. 13. Therefore, it is possible to prevent the control
of the zooming drive toward the point P4 from being
disabled by substantially contacting the cam wall or the
stopper on the proximate side in the position of the
point P5 on the focusing curve 22 in the most proximate
position when the magnification decreasing operation
immediately begins to be performed as shown by the
broken line arrow 38 for example. Further, the focusing
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correction is finally performed as shown by the wide
arrow 39 in FIG. 13 so that the zooming drive is really
controlled in the vicinity of the limiting curve Fp(1)
along the outside thereof. In this case, the zooming
drive is substantially controlled along the arbitrary
focusing curve 36.

The operation for increasing the magnification will
next be described. In this case, as clearly seen from FIG.
14, with respect to at least the zooming lens group 2,
this driving direction is a direction away from the cam
wall or the unillustrated stopper on the proximate side.
Accordingly, even when the arbitrary focusing curve
36 1s located within the dangerous band, it is not neces-
sary to consider this dangerous band with respect to the
operation of the zooming lens group 2.

However, with respect to the focusing lens group 3,
this driving direction is a direction approaching the
above stopper as shown by the arrows F2 and F3 in
FIG. 14, thereby causing a dangerous situation. In par-
ticular, when the FPM 7 and the ZPM 8 are driven by
the focusing drive section § and the zooming drive
section 4, noises are sometimes caused from unillus-
trated sliding portions thereof. In such a case, the focus-
ing position information Sx and the focal distance infor-
mation Zp cannot be correctly detected in a certain
case. |
For example, when the zooming lens group 2 and the
focusing lens group 3 are located at the point P6 in FIG.
14 and the magnification increasing operation is started,
the focusing lens group 3 is driven 1n the direction of the
arrow F4 in the step “escape in infinite direction’ in the
main routine in FIG. 18. In this case, it 1s assumed that
the focusing lens group 3 stops at the point P6 by a
certain cause. The zooming lens group 2 is driven in the
direction of the arrow H4 in the step “zooming drive”.
However, in the next step “inhibiting judgement”, it
proceeds to the flow chart in FIG. 20. In the step “Is
zooming direction on telescopic side?”’, the judging
result is YES. In the next step “Is it within dangerous
band in proximity?”, the judging result is YES. In the
next step “inhibit focusing correction”, the drive corre-
sponding to the arrow F2 is inhibited. Then, it returns to
the flow chart in FIG. 18. In the step “drive inhibited?”,
the judging result i1s YES so that the focusing drive is
not executed. In this case, the loop branching from YES
of this step is called a shift inhibition zooming loop in
the following description. However, the zooming drive
is being continued so that the zooming lens group 2 is
driven in the direction of the arrow HS.

When the zooming lens groups 2 reaches the point
provided by Zp=2Zp(E), the zooming lens group 2 has
finally escaped from the dangerous band. Therefore, the
‘above inhibition 1s released and the focusing drive is
executed in the direction shown by the arrow F3 on the
basis of the correcting amount calculated at the point
P7. The following operation will be easily understood
from the above-mentioned description.

The operation of the lens controller on the infinite
position side in the second embodiment of the present

invention will next be described with reference to the
flow charts of FIGS. 18 and 19.

As mentioned above, the focusing curve group L0 in
F1G. 15 substantially contacts the infinite line 17 in an
intermediate portion thereof from the telescopic side to
the wide side. As can be seen from FIG. 18, the focusing
curve Ls contacts the infinite line 17 on Zp=Zp(0) on
the wide side, thereby causing no problem. However, in
reality, the safe curve Ls separated by the safe distance
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ASs from the infinite line 17 is set on the wide side in
consideration of the processing error or rattle, etc., of
mechanical members. Namely, the infinite line 17 does
not substantially contact the safe curve Ls as a focusing
curve which is located further on the proximate side
from the point Py’ on Zp=2Zp(T) on the telescopic side
and passes through the point Pg separated by A Sx from
the infinite line 17. Further, the infinite line 17 does not
substantially contact an unillustrated focusing curve
located on the proximate side from the safe curve L.s.

The operation of the lens controller will next be de-
scribed. With respect to the operation for decreasing
the magnification, the zooming lens group 2 and the
focusing lens group 3 are assumed to be located at the
start point 40 1n FIG. 16.

When the down-switch 14 in FIG. 12 is pushed (this
switch is assumed to be continuously pushed until the
operation thereof 1s designated in the following descrip-
tion), the dnving direction judging section 15 outputs
the start signal (STR) including the information of the
zooming direction. The flow chart in FIG. 18 starts
from the step “START™. In the first conditional step *Is
it within dangerous band in proximity”, the judging
result 1s NO. In the next step “Is it within dangerous
band on infinite side”, the maximum drawing-out
amount calculating section 9 receives the output (Zp) of
the ZPM 8 and performs the A/D conversion with
respect to this output and temporarily stores this con-
verted output. The proportional constant number calcu-
lating section 10 receives the output (Sx) of the FPM 7
and performs the A/D conversion with respect to this
output and temporarily stores this converted output.
Namely, the values of Zp and Sx at the start point 40 in
FIG. 16 are read. It is then judged whether the start
point 40 is located within the dangerous band or not. In
the present case, the start point 40 is located within the
dangerous band so that this judging result is YES. In the
step ‘“‘escape in the proximate direction”, the focusing
lens group 3 is moved by a predetermined number of
steps on the proximate side in the direction shown by
the wide arrow 44 and then 1s moved until the provi-
sional start point 41. When the A Sx is 8 steps for exam-
ple, the above predetermined number of steps is about
12 steps. In the next step “determine focusing correc-
tion line”, the provisional focusing curve 41a is calcu-
lated. In the next step “zooming drive”, the zooming
control section 16 sets the provisional start point 41 to a
new start point and starts the control operation based on
the provisional focusing curve 41a including this provi-
sional start point 41. Namely, the zooming lens group 2
1s driven in the direction of the arrow 45 in FIG. 16
until this zooming lens group has been moved by the
above 8 steps.

In the next step “inhibiting judgement”, it proceeds
to the flow chart in FIG. 20. In the conditional step “Is

zooming direction on telescopic side?”’, the judging

result is NO. In the next conditional step “Is it within
dangerous band on infinite side?”, the judging result is
NO. In the next step “allow infinite direction”, the
focusing drive shown by the arrow 48 to be next per-
formed 1s allowed. In the next step “RTS?”, it returns to
the flow chart in FIG. 18. In the step “drive inhibited?”,
the judging result is NO. In the step “calculate focusing
correction’”, the correction amount corresponding to
the length of the arrow 48 is calculated. In the next step
“correcting judgment”, it proceeds to the flow chart in

'FIG. 21. When the above correcting amount does not

exceed the maximum correcting amount Dmax, this
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correcting amount is outputted as Dfp and it returns to

the flow chart in FIG. 18 again. In the next step “exe-
cute focusing correction”, the focusing lens group 3 is
driven in the direction of the arrow 48. When the down-
switch 14 is not turned off, the above zoom-shift check-
ing loop is operated. Thereafter, the above-mentioned
operations shown by the sequential order of the arrows
46, 49, 47 and 50 are repeatedly performed. When the
focusing lens group 3 has reached the provisional termi-
nal point 42 and the down-switch 14 is turned off, the
focusing lens group 3 escapes from the above zoom-
shift checking loop and it proceeds to the flow chart in
FIG. 19. Thus, the focusing lens group 3 is driven in the
direction shown by the wide arrow 51. When the focus-
ing lens group 3 then reaches the terminal point 43 on
the infinite line 17, the zooming operation from Zp(s) to
Zp(E) is performed so that the magnification decreasing
operation is completed. As mentioned above, in accor-
dance with the focusing curve L) constituting the basic
control, it is possible to avoid the problems that the
focusing lens group 3 cannot be driven until the termi-
nal point 43 by the substantial contact of the stopper at
the substantial contact point P3 on the infinite side.
Further, the focusing correction shown by the arrow 51
is finally performed so that the same results as those
provided by the control along the focusing curve L are
substantially obtained.

The operation for increasing the magnification will
next be described. In this case, with respect to the focus-

Ing operation, as can be clearly seen from FI1G. 17, the

driving direction of the focusing lens group 3 is a direc-
tion away from the unillustrated stopper on the infinite
side. Accordingly, even when the focusing curve Lj1s
located within the dangerous band, it 1s not necessary to
consider this dangerous band with respect to the operat-
ing content of the focusing lens group 3. With respect to
the flow chart in FIG. 20, the judging result in the step
“Is zooming direction on telescopic side?” is YES. In
the next step “Is it within dangerous band in proxim-
ity?”, the judging result 1s NO.

As mentioned above, in the second embodiment of
the present invention, when the zooming operation for
decreasing the magnification 1s performed and the fo-
cusing position already set is located within the above
dangerous band, this focusing position is once moved
outside the dangerous band and is controlled along the
provisional focusing curve 41a. Accordingly, the prob-
lems such as the substantial contact of the stopper on
the tnfinite position side can be removed and the operat-
ing control in the vicinity of the side of the infinite
position can be also performed reliably and rapidly.
Further, the final correction shown by the arrow 51 in
FIG. 16 is executed so that no defocusing state is
caused. .

FIGS. 16 and 17 shows the enlarged focusing curves,
etc., and therefore the width of the dangerous band is
also enlarged. In reality, the A Sx 1s a small amount and
therefore the operating curves shown in FIGS. 16 and
17 show the zooming operation substantially on the
infinite line 17, 1.e., in the focusing state in which the
distance of the photographed object is infinite. The
zooming lens group 2 is really moved along the stopper
without contacting the stopper on the infinite side, but
in a state unlimitedly approaching the stopper within
the processing accuracy of the mechanical portion. For
‘example, it can be easily judged whether the lens group
is stopped by the substantial contact of the above stop-
per or a manually external force, etc., when the stop-
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ping position of the lens group is detected by an exces-
sive load state of the motor for example, thereby accu-
rately performing the focusing control.

Further, after the focusing lens group has once es-
caped from the dangerous band, the steps “inhibiting
judgment” and “correcting judgment” within the
zoom-shift checking loop are further checked. Accord-
ingly, there are no problems that the focusing lens
group 3 is not driven even when the driving operation
thereof has been performed, and that the focusing lens

‘group 3 substantially contacts the stopper on the proxi-

mate or infinite side even when the focusing position
information Sx and the focal distance information Zp
are error information. |

Further, since the step ‘“correcting judgment” is
judged, no large malfunction of the lens controller is
caused even if the control operation thereof is dis-
turbed.

~ The final correction shown by the arrow 39 in FIG.

13 is performed by the steps ‘“‘calculate end correction”
and “‘execute end correction” in FIG. 19, thereby caus-
ing no defocusing state.

The lens controller of the present invention is not
hmited to the above-mentioned second embodiment,

but can be changed in various kinds of modifications

within the scope of the features of the invention.

For example, to clarify the principle of the operation
of the lens controller in the above end correction, the
driving operation from the tip of the arrow H2 to the
point P3 in FIG. 13 is performed and thereafter the
correcting operation toward the point P4 is performed.
However, if the distance from the tip of the arrow H2 to
the point P4 is calculated and the distance with respect
to the point P3 1s subtracted from the former distance,
the driving operation from the tip of the arrow H2 to
the point P4 can be directly performed.

The A Sx 1s not limited to the 8 steps, but may be set
to an arbitrary suitable number of steps such as 5 or 10
steps in accordance with the design.

In the step “‘escape in proximate direction” in FIG.
18, the number of moving steps is not limited to four
steps, but may be set to an arbitrary number of steps
such as 2 or 6 moving steps in consideration of the
control accuracy and the control speed.

In the conditional step “stop zooming motor ?”’ in
FIG. 19, the operation of the zooming motor is based on
the motor speed signal (Vz) as mentioned above, but a
timer may be disposed to count a predetermined time.

A third embodiment of the lens controller of the
present invention will next be descrited in detail with
reference to FIGS. 22 to 28. |

FIG. 22 is a block diagram showing the entire con-
struction of the lens controller in the third embodiment
of the present invention.

In FIG. 22, an up-switch 61 and a down-switch 62 are
respectively constructed by momentary switches, etc.,
and respectively output an up-signal (UP) and a down-
signal (DN) as execution signals of the switching opera-
tion while these switches are operated. These switches
61 and 62 construct a motor switch 63 as a start input-
ting means. An A/M switch 64 and a F/Z switch 65 are
constructed by toggle switches, etc. The A/M switch
64 outputs an auto signal (AT) at the opening time
thereof and outputs a manual signal (MU) at the closing
time thereof. The A/M switch 64 constructs a focusing
mode selecting means for switching an auto focusing
mode or a manual focusing mode. The F/Z switch 65
outputs a focusing signal (F) as a signal indicating the
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focusing operation at the opening time thereof and out-
puts a zooming signal (Z) as a signal indicating the
zooming operation at the closing time thereof. The F/Z
switch 65 constructs an operation selecting means for
switching the focusing operation or the zooming opera-
tion. A zoom setting switch 66 and a macro setting
switch 67 are constructed by momentary switches, etc.
The zoom setting switch 66 outputs a zoom setting
signal (ZG) during the switching operation thereof. The
macro setting switch 67 outputs a macro setting signal
(MG) during the switching operation thereof. The
zoom setting switch 66 and the macro setting switch 67
construct a Z/M setting switch 68.

A focusing lens 69 can be moved from a proximate

5

10

position N corresponding to the proximate distance of 15

the photographed object to an infinite position I corre-
sponding to the infinite distance of the photographed
object. A zooming lens 70 can be moved within a zoom-
ing region from a position T corresponding to the lon-
gest focal distance to a position W corresponding to the

20

shortest focal distance. The zooming lens 70 can be set

to a normal macro mode for fixing the lens controller to
a macro position M in the macro state exceeding the
position W, A zooming optical system 71 is composed
of the above focusing lens 69 and the zooming lens 70.

An AF section 72 measures the distance of the photo-
graphed object and outputs a focusing signal (Na) or
(Ia) as a focusing execution signal for executing the
focusing operation of the photographed object. The AF
section 72 constructs a means for performing the auto
focusing control. A focusing motor 73 receives drive
‘signals (N2) and (I12) and drives the above focusing lens
69. A motor driver 74 receives focusing motor signals
(N1) and (I11) and respectively outputs the above drive
signals (N2) and (12).

Reference numerals 75 to 77 designate state switches.
The switches 75 and 76 are respectively a T-position
switch and a W-position switch for outputting a T-posi-
tion signal (TP) and a W-position signal (WP) when the
zooming lens 70 reaches the above positions T and W.
The switch 77 1s a macro position switch as a macro
state detecting means for outputting a macro position
signal (MP) when the zooming lens 70 1s moved to the
above macro position M. A zooming motor 78 drives
the above zooming lens 70 by receiving the drive signal
(T2) or (W2). A motor driver 79 receives the zooming
motor signal (T1) or (W1) and respectively outputs the
above drive signal (T2) or (W2). The zooming motor 78

and the motor driver 79 construct a zooming drive.
means. The focusing motor 73 and the motor driver 74 50

construct a focusing drive means.

A general control section (which is called a CPU in
the following description) 80 receives the above focus-
ing signals (Na), (Ia), the above T-position signal (TP),
the W-position signal (WP), the macro position signal
(MP), the up-signal (UP) or the down-signal (DN), the
auto signal (AT) or the manual signal (MU), the focus-
ing signal (F) or the zooming signal (Z), and the zoom
setting signal (ZG) or the macro setting signal (MG).
The CPU 80 outputs the above focusing motor signals
(N1), (I1) and the zooming motor signals (T1), (W1).
The construction of a main portion of the interior of this
CPU 80 will next be described.

A state detecting section 81 as an operating state
detecting means outputs a hold signal (H) as an inhibit
signal to detect an operating state of the motor switch
63 when this state detecting section 81 receives any one
of the above up-signal (UP) and the down-signal (DN).
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Reference numeral 82 designates an inhibiting control
section. When the inhibiting control section 82 receives
the focusing signal (F) or the zooming signal (Z) from
the above F/Z switch 65, this inhibiting control section
82 outputs an inhibit signal (IZ) or (IF) corresponding
to such a signal. When the inhibiting control section 82
receives the hold signal (H), the inhibiting control sec-
tion 82 holds its outputting state and invalidates the
output from the above F/Z switch 65. When the inhibit-
ing control section 82 receives the macro position signal
(MP), the inhibiting control section 82 compulsorily
outputs the inhibit signal (I1Z). When the inhibiting con-
trol section 82 receives the above auto signal (AT), the
inhibiting control section 82 compulsorily outputs the
inhibit signal (IF) and thereby invalidates the output
from the F/Z switch 65, thereby constituting an output
determining means. Reference numeral 83 designates a
focusing gate. When the focusing gate 83 receives the
above up-signal (UP) and the down-signal (DN), the
focusing gate 83 respectively outputs a focusing motor
signal (NQO) indicating the driving direction on the side
of the proximate position N and a focusing motor signal
(10) indicating the driving direction on the side of the
infinite position 1. When the focusing gate 83 receives
the above inhibit signal (IF), the focusing gate 83 inter-
rupts both the focusing motor signals (NO) and (10).
Reference numeral 84 designates a zooming gate. When
the zooming gate 84 receives the above up-signal (UP)
and the down-signal (IDN), the zooming gate 84 respec-
tively outputs a zooming motor signal (TO) indicating
the driving direction on the side of the position T and a
zooming motor signal (WQ) indicating the driving di-
rection on the side of the position W. When the zoom-
ing gate 84 receives the above inhibit signal (I1Z), the
zooming gate 84 interrupts both the zooming motor
signals (TO) and (WQO). The focusing gate 83 and the
zooming gate 84 construct an execution selecting
means. The above focusing motor signals (NO), (I0),
and the zooming motor signals (TO), (WO) respectively
correspond to a focusing execution signal and a zoom-
ing execution signal.

A gate control section 85 receives the above zoom
setting signal (ZG) and the above macro setting signal
(MG), and outputs an enable signal (EN) during a per-
iod in which the gate control section 85 receives any
one of these setting signals. An A/M gate 86 outputs the
focusing signals (Na), (Ia) as the focusing motor signals
(N1), (I1) when this A/M gate 86 receives the above
auto signal (AT). When the A/M gate 86 receives the
manual signal (MU), the A/M gate 86 outputs the focus-
ing motor signals (NO), (I0) as the focusing motor
signals (N1), (I1). Reference numeral 87 designates a
switching gate. When this switching gate 87 does not
receive the above enable signal (EN), the switching
gate 87 outputs the above zooming motor signals (T0),
(W0) as the zooming motor signals (T1), (W1). When
the switching gate 87 receives the enable signal (EN),
the switching gate 87 outputs the above zoom setting
signal (ZG) and the macro setting signal (MG) as the
zooming motor signals (T1), (W1). When the switching
gate 87 receives the above T-position signal (TP) and
the W-position signal (WP), the switching gate 87 re-
spectively interrupts the zooming motor signals (T1)
and (W1).

FIGS. 23 to 25 are flow charts showing the opera-
tional sequences of the lens controller in the third em-

bodiment shown in FIG. 22. FIGS. 23 to 25 respec-
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~ tively show the focusing/zooming operation, the macro
setting operation, and the auto focus setting operation.

The operation of the lens controller in accordance
with the third embodiment of the present invention
constructed above will next be described.

The focusing/zooming operation of the lens control-
ler will first be described along the flow chart in FIG.
23. With respect to the initial states of the constructional
portions of the lens controller, the A/M switch 64 is in
the closing state in which this A/M switch 64 outputs
the manual signal (MU). The motor switch 63 and the
Z/M setting switch 68 are in unoperated states. The
focusing lens 69 is located between the proximate posi-
tion N and the infinite position I. The zooming lens 70
is located in the zooming region between the position T
and the position W.

First, an operator closes the F/Z switch 65 to output
the zooming signal (Z) so as to determine the composi-
tion by the zooming operation. The inhibiting control
section 82 receives this zooming signal (Z) and outputs
the inhibit signal (IF). When the up-switch 61 for exam-
ple with respect to the motor switch 63 is operated, the
up-switch (UP) is outputted therefrom and at this time
the flow chart in FIG. 23 is started from the step
“START”. In the first conditional step “zoom by F/Z
switch 77, the judging result is YES and the state detect-
ing section 81 receiving the above up-signal (UP) out-
puts the hold signal (H) in the next step “invalidate F/Z
input”. The inhibiting control section 82 receives this
hold signal (H) and holds the inhibit signal (IF) so that
this inhibiting control section 82 invalidates the subse-
quent output of the F/Z switch 65. The focusing gate 83
is turned off by receiving the inhibit signal (IF).

In the next step ‘“zooming motor ON”’, the above
up-signal (UP) passes through the zooming gate 84 and
becomes the zooming motor signal (T0). This zooming
motor signal (T0) further passes through the switching
gate 87 and becomes the zooming motor signal (T1).
The motor driver 79 receives this zooming motor signal
(T1) and outputs the drive signal (T2). The zooming
motor 78 begins to drive the zooming lens 70 on the side
of the position T. In the next conditional step “motor
switch OFF 77, the judging result 1s NO if the switching
operation of the up-switch 61 is continued. Further, in
the next conditional step “zooming end ?”, the judging
result is NO if the zooming lens 70 does not still reach
the position T. Thereafter, it returns to the above step
“motor switch OFF 7’ again, and the above-mentioned
operations are repeatedly performed. This repeating
loop is called an end checking loop in the following
description.

When the F/Z switch 65 is open during the switching
operation of the up-switch 61, the focusing signal (F)
instead of the zooming signal (Z) is outputted from the
F/Z switch 65. In this case, the outputting state of the
inhibiting control section 82 is held by the hold signal
(H). Accordingly, the focusing gate 83 is held in the
turning-off state and the zooming gate 84 1s held in the
turning-on state and the driving operation of the zoom-
ing lens 70 is continued.

Thereafter, when the switching operation of the up-
switch 61 is released, the judging result in the above
step “motor switch OFF ?7” is YES to escape from the
above end checking loop. In the next step “zooming
motor OFF”, the above up-signal (UP) 1s not outputted.
Therefore, the motor driver 79 stops the output of the
drive signal (T2) so that the operation of the zooming
motor 78 is stopped. In the next step “validate F/Z
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input”, the up-signal (UP) is not inputted to the state

detecting section 81 so that the state detecting section
81 stops the output of the hold signal. Thus, the inhibit-
ing control section 82 is freely operated to perform the
next switching operation of the F/Z switch 63. In the
final step “END”, all the control operations are com-

pleted.
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When the zooming lens 70 has reached the posulon T,
the switching gate 87 stops the output of the zooming
motor signal (T1) by the T-position signal (TP). Thus,
the step “zooming motor OFF” is executed and the
above step “validate F/Z input” is then executed at a
time point when the operator has released the switching
operation of the up-switch 61.

In the control operation by the switching operation

of the down-switch 62, the driving direction of the
zooming lens 70 is opposite, but the other control opera-
tions are similar to the above-mentioned operations.
Therefore, the control operation in the case of the
down-switch 62 is omitted here.
- The focusing operation of the lens controller will
next be described briefly. When the F/Z switch 65 1s
open, the focusing signal (F) is outputted therefrom and
the zooming gate 84 is turned off by the inhibit signal
(1Z). When the up-switch 61 is operated, the up-signal
(UP) is changed to the focusing motor signals (NO),
(N1) and the drive signal (N2), thereby driving the
focusing motor 73. Thus, the focusing lens 69 1s driven
on the side of the proximate position N. Then, the state
detecting section 81 outputs the hold signal (H) so that
the closing operation of the F/Z switch 65 is invali-
dated during the focusmg operation and thereby the
focusing operation is not prevented.

The macro setting operation will next be described
along the flow chart in FIG. 24. This flow chart 1s
started from the step “START” at a time point when
the macro setting switch 67 is operated. In the first step
“gate switching”, the gate control section 85 receiving
the macro setting signal (MG) outputs the enable signal
(EN). The switching gate 87 receives this enable signal
(EN) and outputs the macro setting signal (MG) as the
zoommg motor signal (W 1) In the next step ‘“‘drive
zooming lens”, the zooming motor signal (W1) is
changed to the drive signal (W2) by the motor driver
79. The zooming motor 78 receives this drive signal
(W2) and moves the zooming lens 70 to the position W.
The zooming motor 78 further drives the zooming lens
70 in the direction of the macro position M. When the
zooming lens 70 has reached the macro position M, the

50 judging result in the next conditional step “macro posi-
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tion ?”’ is YES. In the next step “stop drive”, the switch-
ing gate section 87 receiving the macro position signal
(MP) stops the output of the zooming motor signal
(W1), thereby stopping the drive of the zooming lens
70. The inhibiting control section 82 receiving the
macro position signal (MP) compulsorily outputs the
inhibit signal (IZ) in the next step “invalidate F/Z 1n-
put”, and turns the zooming gate 84 off. Accordingly, in
this state, the focusing lens 69 is driven through the
focusing gate 83 by the switching operation of the
motor switch 63. Thus, the focusing operation in the
normal macro mode can be executed irrespective of the
0perat1ng state of the F/ Z switch 65 if the motor switch

- 63 1s operated.

65

The auto focus setting Operatlon will next be de-
scribed with reference to the flow chart in FIG. 25.

‘When the A/M switch 64 is open, this flow chart 1s

started from the step “START” at this time point. In
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the first step “switch A/M gate”, the A/M gate 86
receiving the auto signal (AT) performs the switching
operation of an internal electric connection so as to
output the focusing signal (Na) or (Ia) as the focusing
motor signal (N1) or (I1). In the next step “invalidate 5
F/Z input”, the inhibiting control section 82 receiving
the auto signal (AT) compulsorily outputs the inhibit
signal (IF) and turns the focusing gate 83 off. Accord-
ingly, in this state, the zooming lens 70 is driven through
the zooming gate 84 by the switching operation of the 10
motor switch 63 irrespective of the operating state of
the F/Z switch 685. '

As mentioned above, in accordance with the present
invention, in the focusing/zooming operation, the out-
put of the F/Z switch 65 is invalidated by outputting 15
the holding signal (H) by the state detecting section 81
during the switching operation of the motor switch 63.
‘Accordingly, even when the F/Z switch 65 is operated
in error during the execution of the zooming or focusing
operation and thereby this switching state is changed, 20
the zooming or focusing operation is continued without
any influence of this switching operation until the
switching operation of the motor switch 63 is released,
thereby improving the operability.

Further, when the zooming lens 70 is set to the nor- 25
mal macro mode, the inhibiting control section 82 com-
pulsorily turns the zooming gate 84 off. Accordingly,
even when the F/Z switch 65 is in any operating state,
the focusing operation is started at any time by the
switching operation of the motor switch 63, thereby 30
improving the operability.

When the auto focusing mode is set, the inhibiting
control section 82 compulsorily turns the focusing gate
83 off. Thus, the zooming operation is started at any
time by the switching operation of the motor switch 63, 35
thereby improving the operability.

Accordingly, in the zooming/focusing operation, the
composition or the focusing state already determined is
not changed by the error in operation of the F/Z switch
65. In the normal macro mode and the auto focusing 40
mode, there is no case in which the operator gets con-
fused with respect to the operation of the lens controller
and operations to be performed at a suitable time are .
delayed. ~

Further, the switching operation of the motor switch 45
63 correspond to the focusing and zooming operations
so that the number of operating switches is reduced and
thereby the operating area of the motor switch 63 can
be increased. Thus, the operability of the motor switch
63 is improved and the cost of the lens controller can be 50
reduced.

The lens controller of the present invention is not
limited to that in the above-mentioned third embodi- -
ment, but may be changed in various kinds of modifica-
‘tions within the scope of the features of the present 55
invention. |

For example, the macro state of the zooming lens 70
is not limited to the normal macro mode mentioned
above, but may be constructed by a zooming macro
mode in which the focusing adjustment is performed by 60
performing the zooming operation without fixing to the
macro position M within the macro region from the
position W to the macro position M. In this case, a
means for detecting that the zooming lens 70 is located
within the above macro region is disposed instead of the 65
above macro posttion switch 77. The inhibiting control
section 82 receives an output of this detecting means
and compulsorily turns the focusing gate 83 off.
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Further, the A/M switch 64 and the F/Z switch 65
are not limited to the toggle switches, but may be con-
structed to be two push-button switches. When the F/Z
switch 65 is constructed by two push-button switches,
one of the two push-button switches may be con-
structed such that the operating area is small and may be
disposed in a recessed portion of the camera body such
that it is not easy to operate this push-button switch. In
this case, only the output provided by the other push-
button switch, which is constructed to be easily oper-
ated, is constructed as the input signal toward the above
inhibiting control section 82, thereby invalidating only
this signal.

As mentioned above, 1n accordance with the first
embodiment of the present invention, the lens controller
is controlled such that the zooming speed within the
zooming region is approximately constant even when
the focusing position of the focusing lens group is lo-
cated within any focusing region. The number of execu-
tions of the focus correcting operation for moving the
focusing lens group to the focusing position is limited in
accordance with the correcting amount. Therefore, the
zooming speed within the zooming region is controlled
to be approximately constant irrespective of the above
focusing position before the zooming operation. When
it 1s judged that there is no influence on the preset con-
trol operation, the subsequent preset operation is con-
trolled to be executed without waiting for the remaining
time corresponding to the remaining operation of the
zooming drive means. The shift of the image forming
position caused by the change in focal distance of the
entire zooming optical system is automatically cor-
rected. Accordingly, the lens optical system has a very
stmplified construction and is compact and light and
cheaply manufactured. Further, the entire lens control-
ler is similarly compact, light and can be cheaply manu-
factured. The shift of the image forming position pecu-
liar to the varifocal lens is corrected automatically and
rapidly even when the zooming lens group is moved
from the arbitrary first focal point to the second focal
point to change the entire focal distance. The shift of
the image forming position is also reliably corrected

~ even when the focusing position is any position within

the above focusing region. Further, the zooming speed
within the zooming region becomes approximately uni-
form, thereby providing a lens controller having an
excellent operability.

In accordance with the second embodiment of the
present invention, the lens optical system has a very
simplified construction and is compact, light and can be
cheaply manufactured. The entire lens controller is
similarly compact, light and can be cheaply manufac-
tured. The shift of the image forming position peculiar
to the varifocal lens is corrected instantly even when
the zooming lens group is moved from the arbitrary first
focal point to the second focal point to change the en-
tire focal point, thereby substantially holding the focus-
ing state. In particular, when the focusing lens group is
located in the inhibiting regions on the infinite and prox-
imate sides, a means for inhibiting the focusing drive is
disposed to inhibit the drive toward the infinite and
proximate positions of the focusing lens group. The shift
of the image forming position caused by the change in
focal distance of the entire zooming optical system is
automatically corrected only when the focusing lens
group 1s not located within the inhibiting regions on the
proximate and infinite sides, and only when the focus
driving direction is opposite to the above inhibited di-
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rection in the inhibiting regions. Accordingly, 1t is pos-
sible to avoid the situations in advance in which an
excessive load is applied to the focusing drive means in
both inhibiting regions and the drive control 1s disabled.

Further, in accordance with the second embodiment
of the present invention, when the correcting amount is
greater than the preset maximum correcting amount,
the maximum correcting amount instead of this correct-
ing amount is outputted by the correction calculating
means. Accordingly, it is possible to avoid the situations
in which the means for detecting the position of the
focusing lens group and the means for detecting the
position of the zooming lens group perform such detec-
tions in error and thereby the focusing lens group
moves to the proximate and infinite positions so that the
excessive load state is continued.

Further, in accordance with the second embodiment
of the present invention, the zooming lens group is
driven until the zooming lens group reaches a desirable
focal distance by the zooming drive means. When this
drive of the zooming lens group is stopped, the focusing
correction control means controls the focusing drive
means to move the focusing lens group to the focusing
position with respect to the desirable focal distance on
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the basis of the correcting amount calculated by the 25

focusing correction calculating means irrespective of
the position of the focusing lens group in the inhibiting
region on the infinite or proximate side. Accordingly, a
strict correction focusing operation is performed after
the completion of the zooming operation, thereby caus-
ing no defocusing state. Therefore, it 1s possible to pro-
vide a lens controller smoothly driven and having a
rapid response and an excellent operability and having
useless operations and useless driving force.

In accordance with the third embodiment of the pres-
ent invention, the start inputting means 1s used to start
the focusing and zooming operations. Accordingly, the
number of the start inputting means is reduced so that
the operating area of the start inputting means can be
correspondingly increased, thereby improving the op-
erability and reducing the cost of the lens controller.

Further, in accordance with the third embodiment of
the present invention, the operation of the operation
selecting means is invalidated during the operation of
~ the start inputting means. Accordingly, even when the
operation selecting means is operated in error during
the executton of the focusing or zooming operation and
the operating state of the operation selecting means 1s
thereby changed, the operation of the start inputting
means is continued until the release thereof without any
influence of this error in operation, thereby greatly
improving the operability.

Further, in the third embodiment of the present in-
vention, in the macro state of the zooming optical sys-
tem, the above focusing operation is started by the oper-
ation of the start inputting means at any time irrespec-
tive of the content of commands for operating the oper-
~ ation selecting means. Thus, it 1s possible to reliably
prevent the error in operation of the operation selecting
means caused by an error in command and rapidly per-
form the focusing operation to be performed at a suit-
able time.

Further, in the third embodiment of the present in-

vention, when the focusing mode selecting means 1s set.

to the auto focusing mode, the zooming operation is
started by the operation of the start inputting means at
any time irrespective of the output content of the opera-
tion selecting means. Accordingly, it is possible to reli-
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ably prevent the error in operation of the operation
selecting means caused by an error in command and
rapidly perform the zooming operation to be per-
formed.

Many widely different embodiments of the present
invention may be constructed without departing from
the spirit and scope of the present invention. It should
be understood that the present invention is not limited
to the specific embodiments described in the specifica-
tion, except as defined in the appended claims.

What is claimed 1s: ,

1. A lens controller for automatically correcting a
shift of an image position with respect to a subject due
to a change of a focal distance of a zooming optical
system comprised of a varifocal lens group and a focus-
ing lens group, each of which is movably arranged on a
same optical axis of the zooming optical system, said
change of the focal distance being caused by moving
said varifocal lens group within a varifocal region de-
fined by a shortest focal distance and a longest focal
distance of the zooming optical system, a shifted
amount of the image position being changed in response
to a focusing position of said focusing lens group on said
optical axis, said focusing position being set within a
focusing region between a proximity position corre-
sponding to a proximity distance and an infinite position
corresponding to an infinite distance with respect to a
distance of the subject, comprising:

a varifocal lens drive means for moving said varifocal

lens group; |

a focusing lens drive means for moving said focusing
lens group;

a varifocal position detecting means for detecting a
position of said varifocal lens group on said optical
axis within said varifocal region, a detected posi-
tion of said varifocal lens group corresponding to
the focal distance of the zooming optical system;

a focusing position detecting means for detecting a

position of said focusing lens group on said optical
axis within said focusing region;

a control means for calculating a correcting amount
of the shift of the image position with respect to the
focal distance of the zooming optical system when
a varifocal operation is performed to change the
focal distance of the zooming optical system and
for controlling said varifocal lens drive means and
said focusing lens drive means so as to move first
said varifocal lens group to change the focal dis-
tance of the zooming optical system for forming
the image position, then to move said focusing lens
group in accordance with the correcting amount;
and

a varifocal speed control means for controlling said
varifocal lens drive means so as to change a moving
speed of said varifocal lens group in accordance
with the detected position of said focusing lens
group, then to substantially keep a total of moving

- time constant with respect to said varifocal lens
group and satd focusing lens group.

2. A lens controller for automatically correcting a
shift of an image position with respect to a subject due
to a change of a focal distance of a zooming optical
system comprised of a varifocal lens group and a focus-
ing lens group, each of which 1s movably arranged on a
same optical axis of the zooming optical system, said
change of the focal distance being caused by moving
said varifocal lens group within a varifocal region de-
fined by a shortest focal distance and a longest focal
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distance of the zooming optical system, a shifted
amount of the image position being changed in response
to a focusing position of said focusing lens group on said
optical axis, said focusing position being set within a
focusing region between a proximity position corre-
sponding to a proximity distance and an infinite position
corresponding to an infinite distance with respect to a
distance of the subject, comprising:

a varifocal lens drive means for moving said varifocal
lens group;

a focusing lens drive means for moving said focusing
lens group;

a varifocal position detecting means for detecting a
position of said varifocal lens group on said optical
axis within said varifocal region, a detected posi-
tion of said varifocal lens group corresponding to
the focal distance of the zooming optical system;

a focusing position detecting means for detecting a
position of said focusing lens group on said optical
axis within said focusing region;

a control means for calculating a correcting amount

- of the shift of the image position with respect to the
focal distance of the zooming optical system when
a varifocal operation is performed to change the
focal distance of the zooming optical system and
for controlling said varifocal lens drive means and
said focusing lens drive means so as to move first
said varifocal lens group to change the focal dis-
tance of the zooming optical system for forming
the image position, to move said focusing lens
group in accordance with the correcting amount
when the correcting amount exceeds a reference
amount determined in accordance with the de-
tected position of said focusing lens group, then to
limit a number of moving of said focusing lens
group. |

3. A lens controller for automatically correcting a

shift of an image position with respect to a subject due
to a change of a focal distance of a zooming optical
system comprised of a varifocal lens group and a focus-
ing lens group, each of which is movably arranged on a
same optical axis of the zooming optical system, said
change of the focal distance being caused by moving
said varifocal lens group within a varifocal region de-
fined by a shortest focal distance and a longest focal
distance of the zooming optical system, a shifted
amount of the image position being changed in response
to a focusing position of said focusing lens group on said
optical axis, said focusing position being set within a
focusing region between a proximity position corre-
sponding to a proximity distance and an infinite position
corresponding to an infinite distance with respect to a
distance of the subject, comprising:

a varifocal lens drive means for moving said varifocal
lens group;

a focusing lens drive means for moving said focusing
lens group; .

a varifocal position detecting means for detecting a
position of said varifocal lens group on said optical
axis within said varifocal region, a detected posi-
tion of said varifocal lens group corresponding to
the focal distance of the zooming optical system:;

a focusing position detecting means for detecting a
position of said focusing lens group on said optical
axis within said focusing region;

a first control means for calculating a correcting
amount of the shift of the image position with re-
spect to the focal distance of the zooming optical
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system when a varifocal operation is performed to
change the focal distance of the zooming optical
system and for controlling said varifocal lens drive
means and said focusing lens drive means so as to
move first said varifocal lens group to change the
focal distance of the zooming optical system for
forming the image position, then to move said fo-
cusing lens group in accordance with the correct-
Ing amount;

a remaining operation recognizing means for recog-
nizing an amount of a remaining operation contin-
ued for a predetermined time after commands for
stopping the moving of said varifocal lens group
are given thereto;

an influence judging means for judging whether or
not the amount of the remaining operation gives an
influence to the next preset operation on the basis
of recognized results of said remaining operation
recognizing means; and

a second control means for performing a control
operation to execute the next preset operation
without waiting for the remaining time corre-
sponding to the amount of the remaining operation
when the influence judging means judges that the
amount of the remaining operation does not give
any influence to the next preset operation.

4. A lens ccatroller for automatically correcting a
shift of an image position with respect to a subject due
to a change of a focal distance of a zooming optical
system comprised of a varifocal lens group and a focus-
ing lens group, each of which is movably arranged on a
same optical axis of the zooming optical system, said
change of the focal distance being caused by moving
said varifocal lens group within a varifocal region de-
fined by a shortest focal distance and a longest focal
distance of the zooming optical system, said varifocal
lens group being adapted such that a focusing position
thereof is invariant at an infinite position and is changed
at a proximity position so as to move away from the
infinite position when the focal distance of the zooming
optical system is changed from the shortest focal dis-
tance to the longest focal distance, said focusing posi-
tion being set within a focusing region between a prox-
imity position corresponding to a proximity distance
and an infinite position corresponding to an infinite
distance with respect to a distance of the subject, com-
prising:

a varifocal lens drive means for moving said varifocal

lens group;

a focusing lens drive means for moving said focusing
lens group;

a varifocal position detecting means for detecting a
position of said varifocal lens group on said optical
axis within said varifocal region, a detected posi-
tion of said varifocal lens group corresponding to
the focal distance of the zooming optical system;

a focusing position detecting means for detecting a
position of said focusing lens group on said optical
axis within said focusing region;

a focusing correcting calculating means for receiving
outputs of said varifocal position detecting means
and said focusing lens detecting means after said
varifocal lens group is driven by said varifocal lens
drive means and for calculating a correcting
amount with respect to a shift of an image position
based on the outputs of said varifocal position de-
tecting means and said focusing lens detecting
means; |
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a focusing correction control means for receiving
said correcting amount and controlling said focus-
ing lens drive means so as to move said focusing
lens group to said focusing position on the focal
distance;

a focusing drive inhibiting means for inhibiting driv-
ing of said focusing lens group in directions of the
infinite and proximity positions respectively when
said focusing lens group is located in an inhibiting
region on the infinite side formed within a prede-
termined distance from the infinite position to the
proximity position, and when said focusing lens
group is located in an inhibiting region on the prox-
imity side formed within a predetermined distance
from the proximity position to the infinite position
in a case where the focal distance of the zooming
optical system is changed; and

means for automatically correcting the shift of the
image position caused by the change in focal dis-
tance of the zooming optical system when said
focusing lend group is not located in the inhibiting
regions on the proximity and infinite sides and
when the driving direction of said focusing lens
group located in the inhibiting regions is opposite
to said inhibited direction.

5. A lens controller for automatically correcting a
shift of an image position with respect to a subject due
to a change of a focal distance of a zooming optical
system comprised of a varifocal lens group and a focus-
ing lens group, each of which is movably arranged on a
same optical axis of the zooming optical system, said
change of the focal distance being caused by moving
said varifocal lens group within a varifocal region de-
fined by a shortest focal distance and a longest focal
distance of the zooming optical system, said varifocal
lens group being adapted such that a focusing position
thereof is invariant at an infinite position and is changed
at a proximity position so as to move away from the
infinite position when the focal distance of the zooming
optical system is changed from the shortest focal dis-
tance to the longest focal distance, said focusing posi-
tion being set within a focusing region between a prox-
imity position corresponding to a proximity distance
and an imfinite position corresponding to an infinite
distance with respect to a distance of the subject, com-
prising: |

a varifocal lens drive means for moving said varifocal
lens group; |

a focusing lens drive means for moving said focusing
lens group;

a varifocal position detecting means for detecting a
position of said varifocal lens group on said optical
axis within said varifocal region, a detected posi-
tion of said varifocal lens group corresponding to
the focal distance of the zooming optical system;

a focusing position detecting means for detecting a
position of said focusing lens group on said optical
axis within said focusing region;

a focusing correction calculating means for receiving
outputs of said varifocal position detecting means
and said focusing position detecting means after
said varifocal lens group is driven by said varifocal
lens drive means and for calculating a correcting
amount with respect to a shift of an 1mage position
and outputting a preset maximum correcting
amount instead of the calculated correcting
amount when the calculated correcting amount is
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greater than the preset maximum correcting
amount; and

a focusing correction control means for receiving
said calculated correcting amount or the maximum
correcting amount and controlling said focusing
lens drive means so as to move said focusing lens
group to the focusing position on the focal dis-
tance. |

6. A lens controller in which a zooming optical sys-
tem is comprised of a focusing lens and a varifocal lens,
each of which is disposed on the same optical axis, the
zooming optical system constitutes a photographing
lens, the focusing lens is moved to perform the focusing
operation and the varifocal lens is moved to perform the
zooming operation for changing a focal distance of the
zooming optical system, comprising:

a starting means for outputting an operating execut-
ing signal during an operating period thereof and
operable from the exterior of the lens controller;

an operation selecting means for outputting one of a
focusing command signal for commanding the fo-
cusing operation to said focusing lens group and a
zooming command signal for commanding the
zooming operation to said vartfocal lens group and
operable from the exterior of the lens controller;

an operating state detecting means for detecting
whether the operation of the starting means is con-
tinued or not, and outputting an inhibit signal while
the operation of the starting means is continued;

an output determining means for invalidating the
output from the operation selecting means during a
period of the reception of the inhibit signal, and
validating this output in a period except for this
signal receiving period;

an executing selecting means for receiving the output
of said operation selecting means through said out-
put determining means and for outputting a focus-
ing execution signal or a zooming execution signal
respectively corresponding to said focusing com-
mand signal or said zooming command signal dur-
ing the period of the reception of the operation
executing signal;

a focusing drive means for receiving the focusing
execution signal and driving the focusing lens; and

a zooming drive means for receiving the zooming
execution signal and driving the varifocal lens;

said starting means being adapted so as to start one of
sald focusing operation and said zooming operation
and to invalidate the operation of said operation
selecting means.

7. A lens controller in which a zooming optical sys-
tem 1s comprised of a focusing lens and a zooming lens,
each of which 1s disposed on the same optical axis, the
zooming optical system constitutes a photographing
lens, the focusing lens is moved to perform the focusing
operation and the varifocal lens is moved to perform the
zooming operation for changing a focal distance of the
zooming optical system, said zooming optical system
being set to a normal macro mode for performing the
focusing operation in a macro state for enabling macro
photographing, or a zooming macro mode for perform-
ing the focusing adjustment by the zooming operation,
comprising:

a macro state detecting means for detecting that the

zooming optical system is in the macro state and
for outputting a macro state signal;
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a starting means for outputting an operating execut-
ing signal during an operating period thereof and
operable from the exterior of the lens controller;

an operation selecting means for outputting one of a
focusing command signal for commanding the fo-
cusing operation to said focusing lens group and a
zooming command signal for commanding the
zooming operation to said varifocal lens group and
operable from the exterior of the lens controller;

an output determining means for invalidating the

~ output from the operation selecting means during
the period of the reception of the macro state sig-
nal;

an execution selecting means for outputting a focus-
ing execution signal when the zooming optical
system 1s set to the normal macro mode corre-
sponding to the period of the reception of the oper-
ating execution signal and outputting a zooming
execution signal when the zooming optical system
1s set to the zooming macro mode;

a focusing drive means for receiving the focusing
execution signal and driving the focusing lens; and

a zooming drive means for receiving the zooming
execution signal and driving the varnable lens;

an operation corresponding to the starting means
being determined by only one of the normal macro
mode and the zooming macro mode irrespective of
the output content of the operation selecting means
when the zooming optical system is in the macro
state. | |

8. A lens controller in which a zooming optical sys-

tem is comprised of a focusing lens and a varifocal lens,
each of which is disposed on the same optical axis, the
zooming optical system constitutes a photographing
lens, the focusing lens is moved to perform the focusing
operation and the zooming lens is moved to perform the
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zooming operation for changing a focal distance of the
zooming optical system, comprising:

a focusing mode selecting means for selectively set-
ting one of an auto focusing mode for automati-
cally performing the focusing adjustment and a
manual focusing mode for manually performing
the focusing adjustment and operable from the
exterior of the lens controller;

an auto focusing control means for measuring the
distance of a subject and outputting a focusing
drive signal for driving the focusing lens corre-
sponding to the measured distance of the subject;

a starting means for outputting an operating execu-
tion signal during an operating period thereof and
operable from the exterior of the lens controller;

an operation selecting means for outpuiting one of a
focusing command signal for commanding the fo-
cusing operation to said focusing lens group and a
zooming command signal for commanding the
zooming operation to said varifocal lens group and
operable from the exterior of the lens controller;

an output determining means for invalidating the
output from the operation selecting means during a
period in which the focusing mode selecting means
is set to the auto focusing mode;

an execution selecting means for outputting a zoom-
ing execution signal during the period of the recep-
tion of the operating execution signal;

a focusing drive means for receiving the focusing
execution signal and driving the focusing lens; and

a zooming drive means for receiving the zooming

execution signal and driving the focusing lens;

the zooming operation being started by the operation
of said starting means at any time irrespective of
the output content of said operation selecting
means when the focusing mode selecting means is

set to the auto focusing mode.
| x % * % X
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